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METHOD FOR INCREASING PRODUCTION OF DISULFIDE 
B0BDED BECGMBXM? PROTEINS BY M 
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)UHD O F THE IIf /E«TI0N 

Protein disulfide isosesase <PDI) is an 
engpse isyvolved in the catalysis of disulfide bond 
formation in secretory and cell-surface proteins. 
Using an oligonucleotide designed to detect the 
conserved "tfeioredoxin-Iifee" active site of 
vertebrate FBI's (VCGHCBQ (SEQ,ID,3R0. : I), we have 
isolated a gene encoding FBI from the lower eukaryote 
SSX§ZMiiig- The nucleotide sequence 



30 
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and deduced open reading frame of the cloned gens 
predicts & 530 amino acid protein of molecular weight 
59 1 082 and pi of 4.1, physical properties 

5 characteristic of mammalian DSXs. furthermore, the 
amino acid sefuence shows 30-32% identity and 53-56% 
similarity with mammalian and avian FBI sequences and 
has a very similar overall organization, namely the 
presence of two 100 residue segments , each of which 

50 is repeated, with the most significant homologies to 
mammalian and avian PBIs being in the regions (a, a') 
that contain the conserved ''thioredoxin-like" active 
site, The H-terrainal region has the characteristics 
of a cleavahle secretory signal sequence and the 

1§ ^-terminal four amino acids <~HDEt)<SlQ.IB.H0, : 2) 
are consistent with the protein being a component of 
£< .££££Xiaifi& endoplasmic reticulum (S.K<), 
Transf ormants carrying multiple copies of this gene 
(designated mil) have 10-fold higher levels of FBI 

28 activity and over express a protein of the predicted 
molecular weight, the SDXL gene is unifue in the 
yeast genome and encodes a single 1.8Kb transcript 
that is not found in stationary phase cells, nor is 
at heat -inducible. Disruption of the 3*5X1 gene is 

25 baplo~lethal . indicating that the product of this gene 
is essential for viability. 

Protein disnlf ide-isomerase (PBI), an ensyase 
which catalyzes thiol : disulfide interchange 
reactions, is a major resident protein component of 

30 the E . R . lumen in secretory cells . A body of 

evidence on the enzyme 'e cellular distribution, its 
subcellar location and its developmental properties 
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suggests that it plays a role in secretary protein, 
biosynthesis (Freedman, 1984, Trends Biochem. Sci. S, 
pp.. 438-41) and this is supported fey direct 

5 cross-linking studies. M. .Slip. (Roth and Fierce, 1987, 
Biochemistry, 1, pp. 4179-82). The f inding that 
microsomal membranes deficient in PCI show a specific 
defect in eot-ranslational protein disulfide formation 
(Buileid and Freedman, 1988, Nature, 135, pp. 649-51) 
implies that the enzyme functions as a catalyst of 
native disulfide bond formation during the 
biosynthesis of secretory and cell surface proteins. 
This tola is consistent with what is known of the 
enzyme: ts catalytic properties is . 3dL£l£* it catalyses 

is thiol: disulfide interchange reactions leading to net 
protein disulfide formation, breakage or 
isomer! sat ion, and can catalyze protein folding and 
the formation of native disulfide bonds in a wide 
variety of reduced, unfolded protein substrates 

20 <? reedssan &t M. * 1989, Biochem, Soc. Symp., 

pp, 167-192), The SNA and amino acid seguence of the 
ensyme is fenown for several species (Scherens, I. it 
aX,- t 1991, least, I, pp. 185-193; Farther, SL, e± 
$X,-, 1991, Gene, 1M> PP> 81-89) end there is 

25 increasing information on the mechanism of action of 
the ensyme purified to homogeneity from, mammalian 
liver (Greighton fel el, , 1960, J. Mel. Biol.., 142., 
pp, 43-62; Freedman at ai. ; 1988, Biochem. Soc. 
Trans,, 16., pp . 96-9 ; Gilbert, 1989, Biochemistry 28, 

30 pp. 7298-7305; hnndstrom and Holmgren, 1990, J, Biol. 
Chem., .265. pp. 9114-9120; Hawkins and Freedmah, 1990, 
Biochem. J . , 275, pp. 33 5-33 9) > Of the many protein 
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factors currently implicated as mediators of protein 
folding, assembly and translocation in the cell 
(Rothaau, 1989, Cell M, pp. 591-601), FBI is unusual 

5 in having a well-defined, catalytic activity. 

PBX is readily Isolated from ©aasaaliaa 
tissues and the homogeneous ensyme is a homos isser (2 
x 5?kD) with characteristically acidic pi <4<0-4.5) 
(Hi 11 son g.t si. , 1984, Methods ■ Snayool , , lflZ, 

jo pp ,281-292) . The enzyme has also been purified from 
wheat sad from the alga ffila»ydogxonas MMmMi 
(Kaska .e.t. al< , 1990 Biocbsm. J < 1M, pp. 63-68), The 
activity has been detected in a wide variety of 
sources, and in a preliminary report, H>I activity 

i5 s?as claimed to be detectable i» .§.. £g&gyjLsJj& 

(Williams gt &3L», 1968, FEES Letts., 2, pp. 133-135). 
Hecently, the complete amino acid sequences of a 
number of PDIs have been reported, largely derived 
from cloned cBHA sequences; these include the Wis 

20 from rat (Edman §& al . , 1985, Nature, .3.11, 

pp, 267-270) bovine (Xaaauchi ft j&, ■, 1987, Bioehem, 
Siophys , Res , Com, , 1M, pp> 1485-1492) human 
(Pihlajaniemi etal., 1987, EMBO j., 6, pp. 643-9), 
yeast (Sober ens, B, , eji il- , supra; FarqUhax, S, g& 

25 al , , supra) ami chick (Parlchonen &fc ,al< » 1988, 

Bioehem. X. , 2J&> pp. 1005-1011 ) . The proteins from 
these vertebrate species show a high degree of 
sequence conservation throughout and all show several 
overall features first noted in the rat FBI sequence 

30 (Edman. „e.t &L 1985 supra),. The most significant is 
the presence within the FBI sequence of two regions 
of approximately 100 residues strongly homologous to 
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each other and closely related in sequence to 
thiored-oxin, a small refox active~p rotein containing 
an active site disulf ide/dithiol couple formed 

5 between vicinal Cys residues. In tMoredoxis the 
active site sequence is WCGFCK (SE0.XB.BO. : 3), 
whereas the cor responding region, fouad twice in FBI f 
bas t he g e qn enc e WCGHOC { SSQ , ID . HO < J 1 ) f < Othe r 
repeats, motif and homologies identified within the 

IQ Wl sequences are discussed below). 

Sequences correspond tag to, or closely 
related to FBI have been identified in work aimed at 
analysing functions other than disulfide bond 
formation. For example, there is clear-cut evidence 

15 that FBI acts as the 8 subunits of tbe tetraseric 
a 2% ensyme prolyl ~4~hydroxylase, which catalyses a 
major post-itanslational modification of nascent m 
newly-synthesised procollagen polypeptides within the 
SLJL (Pihlajaaiemi it &1. , 1987, stspra; SCoiya . gjt; &k< * 

20 1987 , J. Biol- .&sm.,. t 2M, pp. 6447-49)) , There is 

also evidence suggesting that FBI participates in the 
system f or cotr asslat ional S-glycosylation 
(Seetha-Habib e„t $1, * 1988, Cell, 5.4 > PP- 63-68) and 
recently the proposal has been made that tbe ensyme 

25 participates .in. the complex which transfers 

triglyceride to nascent secretory lipoproteins 
(Wetter an gt il> , 1990, J, Biol, Chem. , 
pp, 9800-7). Thus, FBI may he malt i functional in tbe 
co- and post-translatiosal modification of secretory 

38 proteins (Freedman, 1989, Cell, II, pp. 1069-72} . 

The vast majority of aamsalian secretory 
proteins contain multiple intramolecular and /or 
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intermoiecul&r disulfide bonds* Staples include* 
but are not limited to, pituitary hormones, 
interleufcins , immunoglobulins , proteases and their 

5 inhibitors and other serum proteins . Such proteins 
are among the pxim targets for commercial genetic 
engineering, but early experience in their expression 
in bacteria and yeast has highlighted a nnaber of 
problems in obtaining them as functionally active 

IQ recombinant products. This has drawn attention to 
the need for a better understanding of 
post-trans laiionai modifications in general, and Of 
protein folding and disulfide bond formation in 
particular . 

£5 Bisulfide bonded proteins comprising a 

single folded domain can, in general, be fully 
reduced and denatured and subsequently renatured is 
xLtxo. to generate the correctly disulf ide-linked 
state in reasonable yield. The process involves 

20 rapid formation of a mixed population of many 
differently disulfide bonded forms which slowly 
isojserize to give the native disulfide pairing. The 
process is catalysed by thiol/disulfide redox buffers 
(e.g. SSI and Q$SG) and by alkaline pi. Low protein 

25 concentrations are respired to prevent precipitation 
and interchain disulfide formation. Is general the 
rate of formation of the native protein » and the 
optimal obtainable yield, both decrease as the xnaaber 
of intramolecular disulfides increases. The problem 

30 is compounded in proteins containing multiple 

disulfide bonded domains (e.g. tissue plasminogen 
activator) in which each domain must fold and form 
its native disulfide bonds independently. 
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The process of disulf ide bo»4 formation i& 
vivo, occurs co~translatie«aXly or as a very early 
post-traasiatioaal event. Studies on nascent and 

5 newly synthesised secretory proteins in the temtm of 
the S<R. in mammalian cells show that native 
disulfide bonds are already formed. The process in 
vivo appears to be catalyzed by the ensyme protein 
disnlfide-isomerase which is an abundant protein in 

IQ secretory cells and is located at the luminal face of 
the endoplasmic, reticulum [Freedman, R.B>, 1984, 
Trends in Biochemical Sciences, i, 438-441]. Ibis 
enzyme is vitro , catalyzes thiol ;protei»~disul£ide 
interchange reactions in a wide range of protein 

i5 substrates and has the properties required of a 
cellular: catalyst of native protein disulfide 
formation [Freedman , R,B< et ai , , 1984, Biochem. Soc, 
Trans. , 12, 939-942] . Further evidence for its role 
include (i) that its tissue distribution matches that 

20 of the synthesis of disulfide bonded secretory 

proteins £Broefc»ay, B.E, &t al> . X9S0> Riocbea, J. , 
131, 873-876], and (ii) that in a number of systems 
the amount of enzyme- present varies in parallel with 
a physiological change in the rate of synthesis of 

25 disulfide bonded secretory protein £Brockway, B.E. t& 
SiX,., 1980, Biochem 3«, 191. 873-876- freedman E,B. ,&t 
si. ., 1983, in "Functions of Glutathione; 
Biochemical, Fhysiological, lexicological & Clinical 
Aspects", eds. A. Lars son, S , Grrenius, A, Holzagren 

35 & B, Mannervik, Raven Press, Hew York, pp. 271-282; 
Paver, J.L. et 1989 } WEBS Letters, 242, pp. 

357-362]. 
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The ensyme has heen characterised is a 
number of animal Sources t&S&bert* N. and freedman, 
E.B. , 1983, Biochess. J- , .213, pp. 225-234], and is 

5 wheat [de Asevedo, S,M, §±. al> , 1983, Biochess. Soc. 
Trans., 12, 1043} , and a stilling conservation of 
molecular and kinetic properties has been noted 
[Freedman, E,B, g& al, , 1934, Biochem, Soc. Trans, 
12, pp. 939-942 ; Brocfcway,' I.E. and Fteedman, R.B. » 

j§ 1984, Biochem J., 21S, 31-59], However the enzyse 

.has not been throughly studied in lower eukaryotes or 
in bacteria. The strong homologies between yeast and 
higher eukaryotes in the mechanisms and molecular 
components involved in secretion strongly suggest 

j.g- that the enzyme or an analogue is present in yeast, 
since at least some yeast secretory proteins (e.g. 
filler toxin) contain disulfide bonds, 

The application of ymst as a versatile host 
lor the expression of coaaerc i&lly-impox tant 

20 ssaj»aiian proteins is compromised, to seme extent, by 
the limited capacity of the yeast secretory system 
and by some differences between it and that of higher 
ewkaryotee (e.g. in giycosylation} < 

25 The, present invention provides a novel 

process for the production of disulfide bonded 
proteins in a recombinant host cell over expressing 
the enzy»e protein disulfide isoaterase, and provides 
recombinant yeast cells which overestpress protein 

30 disulfide i some rase. The present, invention also 
provides recombinant yeast host cells which 
substantially and unexpectedly increase the secretion 
of a recombinant disulfide bonded, secreted protein. 
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BRA encotiag tomm *ad yeast protein 
disulfide isomerase (FBI) is isolated and cloned into 

5 expression easettes or vectors comprising a promoter 
and transcription terminator. The expression 
cassettes or vectors containing FBI-encoding DM are 
transferred into host cells which, as a result, 
overproduce FBI protein. These FBI overproducing 

IQ cells are used as recombinant hosts for the 

expression of disulfide bonded proteins. Secretion 
of disulfide bonded proteins is substantially 
increased in PDI overproducing host ceils compared to 
host cells producing normal levels of 



IS 
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20 Figure 1 shows the SBS-FAS-E analysis of a 

cell-free lysate of an S. fig£gyislife 
ttansforsant carrying a yeast 
FBI-encoding gene on a multicopy 
piassdd > 

25 

Figure. ... 2 . shows the dot plot alignment between 

yeast PB.T. and rat FBI using the 
5 COMPARE ' and 'D0TFL0T 5 software 
(IIWGCS), the domain structure of 
30 «lim FBI Shown on the same scale 

and below the alignment. 



~ 10 ~ 



depicts the strategy a»a shows results 
for diS£«ft:ion of the yeast EBII gene; 
Panel <b) shews the results for tetrad 
5 analysis of the His 4 " AS3324- strain 

heterozygous: tot the pail : :HIS3 
disruption. 

Figure 4 shows the structure of giassiid plTKC161. 

10 fig&£$~& shows the structure of plasmid 

ptTC~yS?~hPJ51, 

Haute 6 shows the structure of plassd-d p4Ql» 

which is also knows as 
1S pl?€18~€-AL10p<S}AJ>Hlt . 

H.pre.2 shows the structure of the pl&s&id 
pOClS-GAIJlOp-yPOI-ABElt-. 

20 gi ftara 8 illustrates the structure of plasmid 

pKH4«x2/ATS, which is also kn§wx as 
K991. 

illustrates the structure of 
. IEpZ4~-SAL10p~yPl>I . 

illustrates the structure of 
TEP24- GAL1 p~HF«~hPiTi j 

illustrates the structure of 
pUC-GALi / 10~hFDI /ATS , 



illustrates the structure of 
p«-SAU/!0~yPM/ATS , 
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The process of protein folding and secretion 
in yeast is very complex, involving more than 30 gene 
products, based on genetic studies (fransusoff , A, g& 
al. , 1991 , Methods Enayiaology, . l3&» pp> 662-674). 
These include peptidyl prolyl cis-trans isosierases, 
mi and other thioredoxin-iike proteins , BiP < various 
molecular ehapercnes (fesp70 , hsp6Q , etc.), signal 
peptidase, signal recognition protein, the various 
proteins involved in translocation of precursors into 
the E.R. S the various structural and functional 
components of the EE. Solgi » and secretory vesicles 
pins many proteins not yet characterised (Fransuof f , 
A. s fdlAi.'-» supra; Rothaan, J.S. and Orel L. , 

1992, Mature, pp< 409-415* Gething , M<<5. and 

Saabroofc, G. , 1992 > Hams, 151. PP> 33-45) . In view 
of this complexity, it would see» very unlikely to 
one of ordinary skill in the art that increasing the 
levels of only one component (i.e. FDD would: be 
likely to substantially improve secretion of a 
particular heterologous protein. Therefore, the 
present invention provided very unexpected results in 
that increased levels of £81 alone caused a 
significant and substantial increase in the levels of 
secreted proteins, for example antistasin, a 
phenomenon which is likely to be related to improved 
protein folding and /or disulfide bond formation. 

The present invention relates to a method 
for increasing the production of recombinant proteins 
by recombinant host cells, by over expressing DMA 
encoding protein disulfide isomerase (H?l). FBI as 
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used herein refers to an enzyme which specifically 
catalyses the formation of intramolecular and 
inteziaolecuXar disulfide bonds. 

The DMA sequence of WI genes from several 
species is knosm in the art. These species include 
but are not limited to, human, bovine, tat, chicken 
and yeast. [Mismaaga , 1990, J, Biochssu , |M> 

pp., 846-851; Scherens et. al. > 1991, least, 7, 

pp. 185-193] . 

Starting material for the isolation of 
HH~encodiftg DM saay be any cell or tissue type 
including but net limited to maamalian and other 
vertebrate cells and tissue, as well as lower 
sukaryotic ceils and tissue. The present invention 
is demonstrated using yeast and hmm %M expressed 
is recoabinant yeast host cells. It is readily 
apparent to one of ordinary: skill ,ia the art that- the 
present invention .extends to and encompasses other 
expression hosts including, but not limited to, 
mammalian cells, plant cells, psokaryotie cells such 
as bacteria, insect cells and lover eukatyotie cells 
such as yeast and filamentous fungi. Furthermore, it 
is readily apparent to one of ordinary skill in tne 
art that the use of FBI encoding DMA derived from 
sources other than yeast and human cells is 
encompassed by the present invention* Other sources 
of FBI -encoding WA include, but are not limited to, 
vertebrates other than human such as rat and mouse, 
non vertebrates such as insects, and lower eukaryotes 
such as fungi. 
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Microsomal membrane fractions prepared frost 
S. cerexijiie by the method of Rot.hb.iatt. and Meyer 
(1986, Cell, M» pp. 619-28) had low levels of protein 

5 disulfide isomerase (FBI) activity which were 
enhanced between 8-20 fold by sonication. This 
suggested the presence within the lumen of the yeast 
endoplasmic reticulum of an enzyme comparable to PDI 
found in the same cellular' compartment in vertebrates 

10 (Mills &3U , 1983, Biochem. J., 213, pp. 245-8); 
Lambert and Freedman, 1985, Bioehem, , J . %Z&, 
pp. 635-45) and wheat (Rod en '&k<* 1982, FEBS Lett.. ». 
118, pp. 121-4), The gene coding for PBI was cloned 
assuming homology to the higher eokaryotio eaaymeg-. 

15 The region most likely to show strong conservation 
woald be the & and domains which are highly 
conserved in vertebrate PDIs and show very strong 
homology to thioredoacin particularly in the region of 
the two functional ditliiol active sites; the 

20 consensus sequence for the active site is FYAPWCSHCk 
(SEQ-XD.KO,; 4}<Parkonnen at al< * 1988 supra), A 
non-redundant 30-»er oligonucleotide was designed 
based on yeast codon bias (Sharp £&. .al- > 1986, 
.Nucleic Acids Res>, 1.9, pp. 5125-43) which was 

25 end-labelled and used to screen a yeast genomic 
library constructed in the multicopy TEp plasaid 
pMASa (Crouaet and Tuite, 1987, Hoi. Sen. Genet,, 
21.0, pp. 581-3). Two strongly positive clones 
(designated C? and ClO) were recovered from the 

30 screen and preliminary restriction mapping revealed 
insert sizes of 14kb and 14.5kb, respectively, with 
the two inserts showing a number of restriction sites 
in common . The insert of clone C? was further 
analysed « 



To confirm that clone C7 did indeed encode 
mi, the yeast |L £s«saMm strain ffi)40/4c is i rnl 
ur.a.2 !us3 leu2 ; Tuite §t il, , 1986 1 E.M.B.G.J. , 1, 
gp:, 603-608] was tmmtom&A with clone 07 and with 
the parent plasmid j>MA3a., S£$~FAG1 analysis revealed 
that the C? transiormant svsrea^ressed a major S8k»a 
polypeptide and possibly a second polypeptide of 
approximately 77M3a (Figure l>. Furthermore, when 
the cell-free lysates of the two strains were assayed 
for FBI activity, the C? transformant showed 10-fold 

higher levels of Wl activity (38.6 x 10 uVjtg 
protein). These two lines of evidence supported the 
notion that the C? clone encoded FBI and not 
thioredojcin since 8, cerevisiae thiorsdoxin, which 
has the active site sequence WCGPCI <SEQ.i£>HQ< : 3>» 
has a. molecular weight of approximately 12kBa (Porque 
SX, 3*l< > 1970, J. Biol- Che®., Ml, pp. 2363-10) . 

To localise the putative FBI coding 
sequence , the CT clone was digested with a variety of 
restriction ensymes, the digests transferred to 
nitrocellulose and probed with the 30 -met "active 
site" oligonucleotide described above. The procedure 
identified a Shb MiSI-MlI fragment and two 
apparently adjacent Hin dXlI fragments of 5.0 and 
4,5kb respectively, f he latter pattern suggested the 
possible existence of two targets for the "active 
site" probe as would be predicted for PDI -which 
contains two copies of the active site. Preliminary 
MA sequence analysis from the two lindXXX sites 
revealed an open reading frame with weak homology to 
vertebrate FBls, but also demonstrated that there 
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must be a further EindXlX site gint.e they were not 
contiguous sequences,- Betai led restriction mapping 
coupled with DflA sequencing epnf ir&ed this 

5 assumption. Using nattirall^ occurring restriction 
sites and oligonucleotide primers a Z.S&h 
HindlIX"lCQ&X fragment encompassing tie two adjacent 
Hind.II I sites as sequenced on both strands. 

The DNA sequence predicted a single open 

IQ reading £ rasas of 1593bp with the potential of 
encoding a polypeptide of 530 amino acids of 
predicted molecular weight of 59 , 082 (Jargohar, E. , 
et al , , supra, see Figure 2). The open reading f raise 
had a codpn bias typical of yeast mRI?As that encode 

IS moderately abundant proteins (Besnetzen and Hall, 
1982, J. Biol, Chem., 212, p.p, 3029-3031) ; the 
calculated codon bias index was 0,60, 

Analysis of the determined nucleotide 
sequence reveals a number of standard yeast promoter 

20 aa<J terminator motifs (Far^uhar, E> &1« , supra, 
see Figure 2), These include a TATA boa homology as 
part of a (TA)^ sequence located between -100 and 
-128 relative to tbe open reading frame, and a 
pyrisaidine rich region <34 out of 37 nucleotides) 

25 between position -201 and -238, At the 3' end of the 
open reading frame, following the TAA translationaX 
terminator there are homologies to both the sequence 
postulated to be a signal for transcription 
termination and /or polyadenylation in &, .ct.mtlsll.t 

30 <2aret and Sherman, 1982, Cell , 28, pp. 563-73} and 
the euharyotic polyadenylation site (Proudf oot and 
Brownies 4 1978, Mature. 2M, pp, 211-4) < 
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To determine whether this cloned gene was 
transcribed, an 889bp HisdIII-Sty.1 fragment internal 
to the open reading frame was used to probe a 

5 Northern blot of total SKA samples prepared froia two 
different strains of £, £MMmM& {Mt>40/4c and SKQ2n 
tufa, adel/4 adeS/'-f- hisi/*; S&sioa st si- . 1579, J. 
Biol Chern., 2M ; pp. 3965-39693) grown on two 
different carbon sources, glucose and acetate, to 

IQ different stages of the growth cycle. In 

exponentially growing cells a single l,8hb transcript 
was detected on glucose and acetate grown cells, 
while the transcript was barely detectable in 
non-growing cells, The si&e of the transcript was as 

l§ predicted by the open reading frame allowing for 
approximately 200 nucleotides of non-translated 
sequence in 5* and 3* regions of the mEM. 

the predicted amino acid seqnence strongly 
suggested that this »» indeed PDI for the following 

20 reasons; 

<i) it had a predicted molecular weight of 
59fcDa and pi (4,1) characteristic of 
mammalian PBIs; 
<li) the amino acid sequence showed 30-32% 

2§ overall identity and 53-56% overall 

similarity with previously reported 
marmsalian and avian FBI sequences , as 
defined by BESTFIT software (WQCG t 
University of Wisconsin); and 

3Q (iii) it contained two copies of the 

*'th|ore4o*ia~ii&^** active site 
at positions 58-65 and 403-410 in the 
amino acid sequence. 
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furthermore, these sequences were part 
of larger internal duplications of 
approximately 100 amino acids which 
shot? strong .amino acid identity with 
the duplicated a/a' regions within 
mammalian FBI (Figure 2), Alignment of 
the yeast and mammalian FBI sequences 
also reveal e-3 other regions, outside 
the a and a' regions, which showed 
significant homology {Figure 2) . 



Xn addition, two other features of the 
encoded polypeptide suggest it is a component of the 

-c.greyigiae endoplasmic reticulum; the protein, 
encodes a very hydrophobic N»terminal sequence with 
the characteristics of a putative secretory signal 
(Sieraseh, 1989, Biochemistry, 23.* pp. 923-930) and 
the four €~terminal amino acids are identical to 
those in yeast BiP (Normington ej. , 1989 , Cell, 
Sit Pp- 1223-36) and have been reported to he the 
endoplasmic reticulum retention signal for £, 
S&&mMm$ (Felham St &X., , 1988, EHBO J< , 2, 
pp, 1757-62) , 

We have designated the cloned &> cetevisiae 
mi gene SELL The £. cexevisiae EBll gene is 
present in only one copy in the genome. This was 
confirmed by high stringency hybridisation using the 
0.8kb BindXXl-f&ul fragment described above as a 
probe against a variety of genomic digests. 

To determine whether the single EfiXi gene 
was essential for viability we constructed a null 
allele in which the 1.8 -Kb BamBX fragment carrying 
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the 1113 gene fMontiel, <S.F. » 1984, nuclei e 

Acids Res. , 2, pp . 1049~-I<1883 ms inserted into the 
EeoRV site within the PJ5IX coding sequence (Figure 

5 3). A his 3 diploid yeast §. mxmlslM. strain 
(AS3324; [Spalding, A,, IMS, Ph. XL Thesis, 
University of Kent]) was transformed with a DNA 
fragment carrying the gd.il.' ,.'.HX$3, disruption to 
replace one of the two chromosomal copies of the PI) 1 1 

XO gens with this non-functional allele. Three HIS* 
AS332* transformants (IX* ¥2 and 1'3) were studied 
further and in each case sporulation of the diploids 
produced only two viable spores per tetrad (Figure 3) 
all of which were his'", This result indicates that 

X5 the lethal phenotype was associated with pJll„LlliL§S 
mutation, That the correct gene replacement had 
arisen in the HIS* transformers Tl and 12 was 
confirmed by Southern hybridisation to blotted feast 
genomic UNA digested with EatI using the 8G0 hp 

20 EisdlII-l£M.l fragment as a probe. Since the PBX2 
gene contains no internal P„s,tl sites (Figure 3) but 
the gene does contain a single g gfcl site (Figure 
3) this shonld allow simple identification of the 
gdil' ->Hlg3 allele. As predicted in the untransf orsed 

25 strain AS3324, a single Pstl fragment was 

detected while in the 11 and 12 transformants two 
bands of 9kb and 2<2kb wore detected with the 9kb 
hand presumably consisting of two hands of different 
origin. These data confirm that the £SIl gene on one 

30 of the two chromosomes had been replaced with the 

2X23. allele and that such an event was hapio-lethal. 

Any of a variety of procedures may be used 
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to moieculariy clone yeast FBI-encoding I 
methods include, font are not limited to, 
functional expression of tM FBI gene following the 

5 coast ruction of a Wl containl.Bg BHA library in an 

appropriate expression vector system. Another method 
is to screen a FBI containing MA library constructed 
in a bacteriophage or plasmid shuttle vector with a 
labelled oligonucleotide probe designed from the 

IQ amino acid sequence of the FBI proteins. The 

preferred method consists of screening a human or 
yeast FBI -containing genomic B!?A library constructed 
in a plasmid shuttle vector with a deduced DM probe 
encoding the .known amino acid sefuence of the ensyme 

xs active site. 

It is readily apparent to those skilled in 
the art that other types of libraries, as well as 
libraries constructed it<m other cells or cell types, 
may foe tisefnl for isolating FBI encoding MA. Other 

20 types of libraries include, but are not limited to, 
cBEA and genomic DMA libraries derived from other 
human, vertebrate, invertebrate, and lower eukaryotic 
cells or cell lines ( other than yeast cells. 

It is readily apparent to those skilled in 

25 the art that suitable cDHA libraries say be prepared 
from cells or ceil lines sshieh bave FBI activity. 
The selection of cells or cell lines for use in 
preparing a cWA library to isolate FBI cDM may he 
done by first measuring cell associated FBI activity 

30 using the procedures described fully above. 

Preparation of cBNA libraries can he 
performed by standard technifues well hnown in the 
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art. Well known cM| library; construction techniques 
can be found for example, is Maniatis, T. , Fritsch, 
B.F, , Sambreok, J . s Molecular Closing : A Laboratory 
Manual (Cold Spring Harbor Laboratory, Cold Spring 
Harbor, Mew York, 1982), 

It is also readily apparent to those skilled 
in the art that FBI -encoding BHA say also be isolated 
from a suitable genomic BHA library. 

Construction of genomic BNA libraries can be 
performed by standard techniques well known in the 
art. Well known genomic BHA library construction, 
tech agues can be found in Hani at is, T. , Fritsch, 
i,F. , Sambrook , J, in Molecular Closing : A Laboratory 
Manuel (Cold Spring Harbor Laboratory, Cold Sprang 
Harbor . New York, 1982). 

The cloned FBI obtained through the methods 
described above may be recombinantly stresses by 
molecular cloning into an expression vector 
containing a suitable promoter and other appropriate 
transcription regulatory elements , and transferred 
into prokaryotic or eukaryotic host cells to produce 
recombinant FBI .- Techniques for such manipulations 
are fully described in Maniatic, T, si &1>* supra, 
and are well. known in the art, 

Expression vectors are defined herein as DM 
sequences that are required for the transcription of 
cloned copies of genes mi the translation of their 
•bBMAs in an. appropriate host. Such vectors can be 
used to express eukaryotic genes in a variety Of 
hosts such as bacteria, bluegreen algae, plant cells, 
fungi, insect cells and animal cells. 
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Specif ically designed vectors? allow the 
shuttling of MA between tests, such as between 
bacteria-yeast or bacteria-animal cells, An 

j appropriately constructed expression vector should 
contain: an origin of replication for autonomous 
replication in host cells, selectable markers, a 
limited number of •useful restriction easyise sites, a 
potential for high copy nufcfeer, and active 

IQ promoters. A promotes is defined as a DMA sspnence 
that directs MA polymerase to bind to MA and 
initiate Wh synthesis. A strong promoter is one 
Wbieb causes $R$As to be initiated at high 
f regency- Expression vectors may Inclyde, but are 

IS mot limited to, cloning vectors, modified cloning 
vectors, specifically designed plasmids or viruses, 
A variety of »aa»aiiaa expression vectors 
may be used to express recombinant BUI in m&malian 
cells. Commercially available mammalian expression 

29 vectors which my be suitable for recombinant PDX 
express ion, include but are not limited to, pMClneo 
(Stratagene), ppi CStratagene) , pSGS (Stratagene), 
£BQ~-pS\ r 2~neo (ATCC 37593) pBFV~l<8-2) (ATCC 37110),. 
pdSFV-HMT»eo{342-12) (ATCC 37224), pRSVgpt (ATCC 

25 37199), pRSVjneo (ATCC 37198), pSV2~-db.fr (ATCC 37146), 
pXJCTag (ATCC 37460) » and gW3S (ATCC 37565). 

JMA encoding PSI jaay also be cloned into an 
expression vector for expression in a variety of 
recombinant host cells. Recombinant boat cells may 

30 be prokaryotic, including but not limited to 
bacteria, or eukaryotic, including but not limited to 
yeast, mammalian cells including but not limited to 
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cell lines of husaan* bovine, poscine, monkey and 
rodent origin, and insect cells including but not 
limited to Mm&$&ll& SmimZ cell lines and 

5 leM0El£M. tj&&i®u&& CSF9) insect cells for ase with 
recombinant BaculOvirus expression systems , Cell 
lines derived from mammalian species which may be 
sni table and which axe commercially available, 
include bat are not limited to, CV-l (ATCC CCL 70} , 

10 CCS-l (ATCC CRL 1650), COS-7 (ATCC CRL 1651), CS0-K1 
(ATCC CCL 61), 3T3 (ATCC CCL 92), KIH/3T3 (ATCC CRL 
1658), HeLa (ATCC CCL 2)> C127X (ATCC CRL 1616), 
BS-C-l (ATCC CCL 26) and MEC-5 (ATCC CCL 171). 
A yeast active promoter initiates 

IS transcription of the FBI gene in yeast hosts, 

Therefore, it is readily apparent to those skilled in 
the art that any yeast-active promoter sequence may 
be used, including but not limited to, &AL1 , &AL1Q, 

m* 7, ma> &mi, Mia, mm, and sajhsi (jjgs), it 

20 is also readily apparent to those skilled in the art 
that a suitable assay system, g,*g. , immnnobiot or RIA 
or eneyme-linked ismiunoas'say (E1A), may be utilised 
in order to assay expression of EDI in recombinant 
hosts. 

25 H> cexevjgjae has 5 genes which, encode the 

enssymes responsible for the tifciii&afcios of galactose 
as a carbon source for growth. The S.AL1, £&LZ » 
SALS, SAL?, and GAL10 genes respectively encode 
galactokinase , galactose permease, the major isozyme 

30 of phosphC'glncomutasei or.»-l3-galactose--I~phosphate 

nridylt.ransfera.se and uridine dipbosphogaIaetose~4~ 
ej>i»exas.e« In the absence of galactose, very little 
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expression of these eiizym&s is detected. If cells 
are grown on glucose and then galactose is added to 
the culture, these three -enzymes are induced 

5 coordinated, by at least l,00Q~f old, (except fox 

ML5, which is induced to about 5 fold) at the level 
of MA transcription, The SAU, GAL5 , and 

GAL10 genes have been molecular Xy cloned and 
sequenced . The regulatory and promoter sequences to 

IQ the 5* sides of the respective coding regions have 
been placed adjacent to the coding regions of the 
laeS gene. These experiments have defined those 
promoter and regulatory sequences which are necessary 
and sufficient for galactose induction, 

U ^mlsM also has 3 genes, each of 

which encodes an isosyme of ASH. Cos of these 
ensymes, ASHIX, is responsible for the abiliy of £• 
eerevlgiae to utilise ethanol as a carbon source 
during oxidative growth. Expression of the pg2 

20 gene, which encodes the ASHIX isozyme , is cataboXite- 
repressed by glucose, such that there is virtually no 
transcription of the A|M2 gene during fermentative 
growth in the presence of glucose levels of 0,1% 
<w/v). Upon glucose depletion and in the presence of 

2g non-repressing carbon sources, transcription of the 
&M2 gene is induced 100- to 1000-fold. This gene 
has been moieeularly cloned and sequenced, and those 
regulatory and promoter sequences which are necessary 
and sufficient, for derepression of transcription have 

3§ been defined, 

Alpha mating factor is a sex pheromone Of &. 
eerevisiae which is required for mating between M$& 
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and KSla cells, TMs txMecapeptine is expressed as 
a gxepxop-heromone which is directed into the tough 
endoplasmic reticulum, glycosylated and 

5 proteolytically processed to its final raatuxe form 
which is secreted from cells. This biochemical 
pathway has been exploited as an expression strategy 
fox foreign polypeptides, The alpha lasting factor 
gene has been molecnlarly cloned and its promoter 

iq with pxe--pro~Ieader sentience has been titilised to 
express and secrete a variety of polypeptides. 
Likewise, the El.0.5 gene promoter has been shewn to be 
inducible by lovt phosphate concentrations and this 
also has utility for physiologically regulated 

15 expression of foreign proteins in yeast . 

The alpha mating factor promoter is active 
only in cells which are phenotypieally tt, There are 
4 genetic loci in g< ,c e * evi si8g> known as g.IE r which 
sy»th«8is8e proteins required fox the repression ©f 

20 other normally silent copies of & and & 

information. Temperature-sensitive (ts) lesions 
which interfere with this repression event exist in 
the gene product of at least one of these loci. In 
this mutant, growth at 35*C abrogates repression > 

25 resulting in. cells phersotypicaXly a/a in which the 
alpha mating factor promoter is inactive. Upon 
temperature shift to 23*C, the cells phenotypieally 
revert to « such that the promoter .becomes active . 
The use of strains with a ts Sil lesion has been 

3-Q demonstrated for the controlled expression of several 
foreign polypeptides. 

It is readily apparent to those skilled in 
the art that the selection of a snitable yeast strain 
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for expression of PP1 encompasses a wide variety of 
candidates . Sts it able yeast strains Include tot are 
not limited to those with genetic and phenotypic 
characteristics sneh as protease deficiencies , and 
altered glycosyiation capabilities. 

The germs Saccharomyces is composed of a 
variety of species. £. cesgyislae. is most commonly 
used as a host for the recombinant BHA~mediated 
expression of a variety of foreign polypeptides. 
However, the distinctions among other species of the 
genus g&g_ gha rpffiycg$ are not always well-defined. 
Many of these species are capable of interbreeding 
with £- ^^tfiyialae and are likely- to possess 
i5 promoters which are analogous or identical to 

promoters in cerevisi ae, therefore , it will be 
readily apparent to those skilled in the art tMt, 
for the expression of FBI, the selection of a host 
Strain extends to other species of the genus 
20 Saccb.arosr.vces . including* hist not limited to, 
ieasii, djMMiacm* f,L05gig.pQr.n.t, &1 
norbmsis., oviformis. uaai, and mi 




Several yeast genera such as SiMiiS. 
Hansenela, Pichia, and %Q£&ksmi& have been shown to 

25 contain similar metabolic pathways for the 

utilisation of methanol as a sole carbon source for 
growth. The gene for alcohol oxidase, an enayme 
which participates in this metabolic pathway, has 
been isolated from: B^iMlS:- The £- Eastor.lt 

30 alcohol oxidase promoter has been isolated and shown 
to be susceptible to methanol induction of 
expression. Sneh an inducible promoter is useful for 
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expression of polypeptides in yeast, la particular, 
this promoter has been shown to be active on a 
plasmid for the Inducible expression of heterologous 

5 genes in g, pastoris.. This observation highlights 

the availability of other yeast genera to function as 
hosts for the recombinant -SNA-mediate*! expression of 
polypeptides lis active form, Therefore, it will be 
readily apparent to those skilled in the art that* 

iq for the expression of SSI, the selection of a host 
strain extends to species from other genera of yeast 
from the Families S ace h a r omy cetaceae and 
Cr yp toco c c ac ea e. , including, bat not limited to 
Candida , BtM.gn&la, IQ:a;€^s,mmy.s„ss., Fich.ia, 

is SM^usms:&.usssl&. , and idxtiiapsii* 




host cells via any one of a number of techniques 
including hat not limited to transformation* 
transfeetion, protoplast fusion, and elect roporat ion, 

20 the expression vector-containing cells are eloneXly 
propagated and individually analysed to determine 
whether they produce FBI protein- Identification of 
FBI expressing host cell clones may fee done by 
several means, including hut not limited to 

25 immunological reactivity with auti-FDI antibodies » 

and the presence of host cell-associated FBI activity. 



-using is Yii.rj>. produced synthetic mMA, Synthetic 
mFvSA can he efficiently translated in various 
cell-free systems, including hut not limited to wheat 
germ extracts and reticulocyte extracts, as «*n m 
efficiently translated in cell based systems, 
including hut not limited to microinjection into frog 
oocytes , 




The expression vector saay be introduced Into 



Expression of PBX 1M may also be performed 



WO $3/25676 



PCr/tJS93/8S3!8 



— 27 ™ 

It is readily apparent: to those skilled in 
the art that FDI may he expressed in a recombinant 
host from a recombinant expression cassette which is 
integrated into the host cell genome , in single copy 
or multiple copies per cell. It is also readily 
apparent to those skilled in the art that FDI may be 
expressed in a recombinant host from a recombinant 
expression cassette which is present on an 
autonomously replicating plasmid in single copy or 
multiple copies per ceil. 

The recombinant host cell expressing 
recombinant FBI may be used, in turn, as a host for 
the expression of other recombinant genes, The novel 
process of the present invention substantially 
improves the yield of recombinant disnlf ide-bonded 
proteins by expressing the WA encoding the 
recombinant disulf ide~feended proteins in a host cell 
which produces recombinant FDI. It is readily 
apparent to those skilled in the art that a variety 
of disnlf ide-honded proteins may be produced by the 
process of the present invention- The 
disnlf ide-bonded proteins include . bnt are not 
limited to, proteins which are secreted, or remain 
cell-associated, Recombinant WA constructs for the 
expression of recombinant disc If ide-bonded proteins 
may be made by the procedures fully described above 
for H5L It is readily apparent to those skilled in 
the art that the DMA encoding the recombinant 
disnlf ide-bonded proteins may be expressed from a 
recombinant expression cassette which is integrated 
into the host cell genome, in single copy or multiple 
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copies per cell. It is also readily apparent to 
those skilled in the art that BHA encoding the 
recombinant disnlf ide~bonded protein m&j bo expressed 

5 from a recombinant expression cassette which is 
present on an autonomously replicating plasaud in 
singly copy or multiple copies per cell- In 
addition, it is readily apparent to those skilled in 
the art that the BHA encoding PP1 and the BHA 

IQ encoding the recombinant disulf ide-bonded proteins 
may he present on the same plasmid in single copy or 
multiple copies per cell. Furthermore, it is readily 
apparent to those skilled in the art that two or more 
disulfide bonded proteins say be co-expressed from 

X§ either integrated or plasmid-horoe cassettes, or a 
combination thereof. 

following expression of FBI in a recombinant 
host ce.ll> FBI protein ssay fee recovered to provide 
purified FBI in active form, capable of catalysing 

2$ the formation of disulfide bonds in proteins. 

Several PDI purif itation procedures are available and 
suitable for use . As; described above for 
purification of PDI from natural sources, recombinant 
PDI may be purified from cell lysates and extracts, 

25 or from conditioned culture medium, by various 
combinations or individual application of salt 
fractionation, ion exchange chromatography, siae 
exclusion chromatography, hydrosylapatite adsorption 
chromatography and hydrophobic interaction 

30 chromatography. 

Is addition, recombinant PDI can be 
separated from other cellular proteins by use of an 
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isasnmo-af f laity coitsw* ®ade with monoclonal or 
polyclonal ant i bodies specif ie for FBI. 

Monospecific antibodies to FBI are purified 

5 from jaajmalian antisexa containing antibodies 

reactive against FBI ox are prepared as monoclonal 
antibodies reactive with FBI using the technique of 
Kohlet and Kilstein, Mature 2M> 495-497 (1975). 
Monospecific antibody as used herein is defined as a 

30 single antibody species or multiple antibody species 
with homogenous binding characteristics for FBI, 
Homogenous binding as used herein refers to the 
ability of the antibody species to bind to a specific 
antigen or epitope, such as- those associated with 

xs BE, as described above. Enzyme specific antibodies 
are raised by ismiuni zing animals such as mice, rats, 
guinea pigs* rabbits, goats, horses and the like, 
with rabbits being preferred, with an appropriate 
concentration of FBI either with or without an iaaauns 

20 adjuvant. 

Preimraune serum is collected prior to the 
first immunisation. Each animal receives between 
about 0.1 mg and about 1000 rag of FBI associated with 
an acceptable itamune adjuvant. Such acceptable 

25 adjuvants include, but ate not limited to, freuod's 
complete, Fteond's incomplete, alum-precipitate , 
water in oil emulsion containing £ax£&g&&£fc&£i&m 

and OTA. The initial immunisation consists 
of the ensysae in, preferably, Freuod's complete 

30 adjuvant at multiple sites either subcutaneous ly 

(SO, int taper it oneaily (IF) or both. Each animal is 
bled at regular intervals , preferably weehly, to 
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determine antibody titer , The animals may or may not 
receive booster injections following the initial 
isammisatioeu those atim&X$ receiving booster 

g injections are generally given an equal amount of the 
enzyme in Wtmn&ls incomplete adjuvant by the same 
route. Booster injections are -give© at about three 
week, intervals until maximal titers are obtained. At 
about 1 days after each booster immunisation or about 

jo weekly after a single immunisation, the animals ate 
bled, the semis collected, and all quota are stored at 
about -20*C< 

Monoclonal antibodies <mAh} reactive with 
PJ5X are prepared by immunising inbred mice, 

xs preferably Balb/c, PCX, The. mice are immunised 

by the W or SC route mth about 0.1 mg to about 10 
•mg:, preferably about 1 mg, of FBI in about 0.5 ml 
buffer or saline incorporated in an equal volume of 
an acceptable adjuvant, as discussed above. Frennd's 

20 complete adjuvant is preferred, the mice receive an 
initial immunisation on day 0 and are rested for 
about 3 to about 30 weehs. Immunised mice are given 
one or more booster immunizations of about 0*1 to 
about 10 mg of PCX in a buffer solution such as 

25 phosphate buffered saline by the intravenous (XV) 
route. Lymphocytes , from antibody positive mice, 
preferably splenic lympbocytee * are obtained by 
removing spleens from immunised mice by standard 
procedures bnown in the art. Hybtidoma cells are 

30 produced by mixing the splenic lymphocytes with an 

appropriate fusion partner, preferably myeloma cells , 
under conditions wnicb will allow tbe f o mat ion of 
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stable hyferidossi&s. Fusion partners may include, but 
are not limited to: mmm myelomas P3/NSi/Ag 4-1] 
HPC-ll; S-194 and Sp 2/0, with Sp 2/0 being 

5 preferred. The antibody producing cells and myeloma 
sells are fused in polyethylene glycol, about 1000 
sol, wiy, at concent rat ions from about 301 to about 
SOX, fused hybridosaa -cells are selected by growth in 
hypoxanthine ., thymidine and aminopteria supplemented 

Iq Culfcecco* s Modified Eagles Medium (DHEM) by 

procedures known in the art. Supernatant fluids are 
collected fro® growth positive wells on about days 
14, IS, and 21 and are screened for antibody 
production by an immunoassay such as solid phase 

15 imsninoradioassay (SPIKA) using PBX as the antigen* 

The culture fluids are also tested in the Oucht eriony 
precipitation assay to determine the isotype of the 
ss&fo, Hybsidojsa cells from antibody positive wells 
are cloned by a technique such as the soft agar 

20 technique of MacPherson, Soft Agar Techniques, in 
Tissue Culture Methods and Applications, Kruse and 
Peterson, Eds., Academic Press, 1973. 

Monoclonal antibodies are produced is vivo 
by injection of pristane primed Balb/c mice, 

2s approximately 0.5 ml per mouse, with about 2 x iCP to 
about & £ 10* hyhridoma cells about 4 days after 
priming, Ascites fluid is collected at approximately 
8-12 days after cell transfer and the monoclonal 
antibodies are purified by techniques known in the 

30 

Is vitro production of mkh is carried out by 
growing the hydridoma in BMSM containing about 2% 
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fetal calf senisa to obtain sufficient quantities of 
the specific aAb. The m&h are purified by techniques 
known in the art • 

Antibody titers of ascites or hyhridoma 
culture fluids are determined by various serological 
or ixBaranological assays which include , but are not 
limited to, precipitation, passive agglutination, 
enzyme-linked immunosorbent antibody (EL1S.A) 
technique and radioimmunoassay (EIA) techniques. 
Similar assays are used to detect the presence of MIX 
in body fluids or tissue and cell extracts. 

It is readily apparent to those skilled in 
the art that the above described methods for 
producing monospecific antibodies may be utilised to 
produce antibodies specific for FBI polypeptide 
fragments, or full-length PSI polypeptide < 

FBI antibody affinity columns are made by 
adding the antibodies to Affigel-lO (Biorad), a. gel 
support which is p re-activated with B-hy d romance in- 
iiaide esters such that the antibodies form eoualent 
linkages with the agarose gel head support. The 
antibodies are then coupled to the gel via amide 
bonds with the spacer arm. The remaining activated 
esters are then qnenchsd with IK ethanolamine HC1 (pH 
$), The column is washed with water followed by 0,23 
M glycine HC1 <pH 2.6) to remove any non-conjugated 
antibody or extraneous protein. The column is then 
equilibrated in phosphate buffered saline (pH 7,3} 
and the cell culture snpernatants or cell extracts 
containing PBI are slowly passed through the column. 
The column is then washed with, phosphate buffered 



wo mmm* 



3 



3 



10 



15 



20 



25 



saline -until the optical density C&ggo) falls to 
background, then the protein is : eluted with 0,23 H 
glyeine-BCl (pE 2»6)». The purified £31 protein is 
then dialyzed against phosphate buffered saline. 
The following Examples are provided as 
illustrative of the present invention, without, 
however, limiting the sa&e thereto. 



.nd Growth Conditions 

The gacchatosay ces cete visiae strains MD40/4C 



(HATa, lgu2~3~lX2 ( &£&2, ki£3~XX*~15, tftpl) and 
AS3324 (m£&fMT'*" feiaS/hls.3, ls&2/l<gsi2, I2£.a3/m3, 

were grown at 3S*C in either YIFD (1% 
hactopsptone, 1% yeast extract, 21 glucose) or a 
pES. 8 buffered minimal medium {Q.67% least Hitrogea 
Base without aauno acids, 2% glucose, 1% succinic 
acid, 0.6% HaGH, SO^g/ssl meso-inositoi} supplemented 
with the necessary base and amino acid requirements. 

The 1. cexevislae, strains JRII88 
llr.3-8, 1S&2.-112 , Lrpl, ur_&3-32, his 4; Brake, A, 3. si 
al., 1984, froc, Sat'l. Acad, Sci. USA, .81, 
pp, 4642-4646) and BJX995 (MI« S t r pi , am3-52, 

gr.hl~1122 , pjgp.4-3, gal2; Jones, E.$t< , 1991, Methods 
Ensymol, , 19.4, pp,42S~4S3J were used for evaluation 
of H>X overexpression and were grow as described in 
the appropriate examples. 



(fjUP.E44^1axtfl&9 (fSOlMMMlS) bMRX7 re.cAl sMM 
gyrA96 thi-1 relAl ) was used for plasmid screening 
manipulations - 
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Restriction endonneiease digests and MA 
s ligations were carried mt as recomtsended by the 

enzyme manufacturers (BCX,, BEL) t Standard protocols 
foe £. Mli transformation (Cohen g± si. , 1972, 
F.H.A.S. USA, Ms pp. 2110-9} and cer^xiifl4§ 
transformation (Beggs, 1978 H&tnre, 121 » gf> 104-9; 
l0 Xto ft aX- , 1983, 3. Baeterioi., 151, pp. 163-8) were 
performed- Genomic DBA was prepared from S< 
cergy .jgi.ae by the method of Holm st .41. (1986, Gene, 
12., pp. 169-73). 




A yeast genomic library, containing partial 
Sau3A fragments of MA from the £< fflS&gvigiag. strain 

20 SKQ2n [a/a adei/4 ade2/t hisl/+; Gas ion g& al. * 

Supra] cloned into the Bamll site of the high copy 
nismher ffl2-d, 2 Moron-based vector pMASa (Crouaet 
and fuite, 1987, supra) was nsed to screen for the 
mil gene, A 30~mer oligonucleotide 

25 <5< CTTACACrTG^CCACACCATGGAGCGTAGAA 3 ' ) < SKQ .IB. HO . ; 3} 
was synthesized against the highly conserved 
< thioredoxin-Xifce* active site (FIAPICGHCK) 
( SEQ . ID . SO . : 4), hut using a yeast codon bias (Sharp 
et il, i 1986 , supra}, 

30 To screen the library* 50ag of the 

oligonucleotide was end-labelled With [-?~ M P3dATP 
tAmersham, 300&€i/mssoX,] and Ti polynucleotide 
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kinase, using BS-S2 chrsi^togrsgby to separate the 
labelled oligonucleotide: from unincorporated 
nucleotides > Approximately 20,000 BH5« recombinant 

5 colonies were screened on nitrocellulose filters by 
colony hybridisation as follows : each .nitrocellulose 
filter was prehybridised for 16 hours at 37 ft C in 35% 
foraaadde, 6 ss SSC> 1 X Benhart's solution, 2S0fig/mi 
denatured salmon sperm SUA, 0,1% SBS, The labelled 

10 oligonucleotide (specific activity 4.8 x dpss/|ig) 
was denatured for 3 minutes at 90'C and then diluted 
to 2ng/ml in prehydridisation buffer and added to the 
filters, After incubation at 37*C for a further 16 
bonis the filters were removed and rinsed for 2 

15 minutes in 4 x SSC, 0-1% SBS . The filters were then 
autotadiographed overnight ♦ 

39 potential positive colonies were 
identified and taken through two further rounds of 
screening as described above, after which 10 positive 

20 clones (labelled CI to C10) were obtained- Two of 

these clones (C? and CIO) were restriction mapped and 
clone €7 wag chosen for subsequent studies, 



sua ggqugacg AmyUit, 

To identify a suitable sised fragment for 
sequencing, clone €7 was digested with a range of 
restriction enzymes, and the fragments separated on a 
174 agarose gel and transferred to Genesereen Plus 
membrane (BuFont) ttsing a vaohtsk blotting apparatus 
(lybaid Ltd.) The filter was then prehybridised 
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30 
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essentially as described by Haniatls fit. Si- 1982, 
supra, followed by the addition of the 30~mer 
oligonucleotide probe, end-labelled and denatured as 
described above. Hybridisation was carried oat in 6 
x: SSC for 24 hours at 43*C« followed by two washes is 
200ml of 2 x SSC for five .Minutes at room 
temperature, two washes in 200ml of 2 x SSC 0,11 SBS 
for 1 hour at 65 a C and one final wash in 500 ml of 
0,1 x SSC at room temperature. The filter was then 
subject to autoradiography at -70* CI for 48 hours, 

A 2. 4Kb gincXI~Ecp.KX fragment from clone C7 
was completely sequenced using the didaosr/ chain 
terminator method (Sanger .ei. al> , 197? * Broc. Hat'l, 
Acad. Sci. U.S.A. , 14, 5463-67), Suitable 
restriction fragments for sequencing were suhcloned 
into pUCi9 and plas&id WA prepared f or sconcing 
using the rapid procedure of Holmes and Ouigley 
(1981, Anal. Biochem. , pp, 193-7), In addition some 
fragments were cloned into the single-stranded 
vectors apl2 or mp!3 (Messing, 1983, Methods 
Enzyaol , , 101. pp. 20-78). A range of sequencing 
primers (15-18 mers) were synthesized which annealed 
either to the po3.ylin.her regions of the cloning 
vectors or to previously deduced internal C7 BSA 
sequences, Flasssid DBA was denatured prior to primer 
annealing in 0 , 2M MaOH, 2mVi EDTA for 30 minutes at 
37 8 C, neutralised by the addition of 0.1 vol. 3M 
sodium acetate pM5. 0 and precipitated with 3 vol. 95% 
ethanol at ~70*C for 15 minutes, T7 SNA polymerase 
(Seguenase, OS Eioehemicais) was used according to 
the manuf acuturers ' instrnetions for la >:i.Lr„o. chain 
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elongation, uaiag [e^ 3 %]dAlf {30D0Gi/mmoI;XCN) for 
labelling. Reactions were analysed as previously 
described (Bossier et al. , 1989, Gene, Z&> pp, 323-30), 



Total RNA was prepared from exponent i ally 

xo growing cells <5 x 10* - 1 x l(P cells /M) or 

stationary phase cells (2 x 10 s cells /ml) of the 
strain HD40/4C- RKA was also extracted from 
exponentially growing cells of HP40/4e subjected to a 
30 minute heat shock (30«C to 42'C), Total RNA was 

is such r a cted essentially as described by Dobson g& &1, , 
C19S3, Kucleic Acids Res., 11, 2287-2302), 

northern blot analy^.s m$ carried out as: 
follow: 20ug total B.KA was denatured in 20% 
formaldehyde 50% deionised fonsaaide by heating at 

3,5 55 *C for 15 minutes and then separated in a 1% 

agarose gel containing B% formaldehyde , The » was 
transferred to a nitrocellulose filter (S&S , BASS) by 
vacuum blotting and the filter boiled in IQmH 
Tris~B€i for 5 mi nates . Hybridisation was carried 

2s out overnight at 42*0 in 10 X Benhardts solution, 2 sc 
SSC, 50mH phosphate buffer pH&,5, 40% formamide, Q<X% 
SBS, 400|ig/sal beat denatured salmon apers SKA and 
l-Btigjmi of the probe, filters were autotadiographed 
for 1-5 days at -70 °€, Probes need were : a .Q.,6kfc 

38 HindIXX~£fcuX fragment from the f MI |sne (Far^ahar, 
R, et al., supra, see Figure 2) and plasmid Sep? 
containing a portion of the its and 25 S ribosomal RJ3A 
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genes of fcterfeft l«i*fe cloned into pBR322 (obtained 
from Dr. B.S. Cox, pmversity o| Oxford}. The probes 
were labelled by random, primer labelling (BCL) 
g according to the manui aetnrers f instructions . 

EXAMPLE 6 
Construction of a t>d.i .1. : :BXS3 allele 

is A i.Skb M$HI fragment carrying the HISS 

gene was released from the piassid pMATOO (Montiel it. 
aj... , 1984, supra) and purified an 1%; low melting 
point agarose (Sigma), The MmHI sticky ends of the 
fragment were filled in using dSTPs and the KXenow 

1$ fragment of t>M polymerase 1 eg describee! by Hanlati® 
fife 1982, supra. A l,2kb XlLaX~lgl.il fragment of 

the ?MA. gene was then subcloned into the SmaX^BamlX 
sites within the poly linker of the plasmid pTJC19. 
Finally, the filXed~in IMSI fragment containing the 

1Q gene was li gated into a unique site within 

the EBIl coding region (figure 3) < The resulting 
pdil ; ;IXS3 allele was liberated on a 3-0kb lall~E^„oRl 
fragment, purified on low melting agarose and used to 
transform the diploid strain AS3324 to Bis* 

25 prototrophy using the lithium acetate transformation 
protocol of ito ;et al . , (1983 supra). 



3 o la JH ttsaJEEJL -A s saot 

The assay for PD1 activity in total, protein 
extracts was as described by Hi 11 son §.& al- > (1984 , 
Methods Enssymol., Ml, PP< 281-92).. 
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Scrambled ribonuclease is a fully oxidised 
mixture co-ntaiaiag randomly formed disulfide bonds. 
It is prepared ixom commercially available (Sigma) 
bovine pancreatic ribonneiease A by the following 
method , 

Incubate ziboaaclease at 3D isg/ssl (about 2,2 
m) in 50 m IRIS-KC1 buffet-, .ffi 8.6, 8.9 H urea, 130 
mM dithiothteitol (approximately 15-foid molar excess 
Of dithiotfareitol over reducible disulfide bonds) at 
ambient temperature for 18 to 20 hours, or at 35*C 
for I hour. 

Isolate reduced protein by acidification of 
the reaction mixture to pH 4 with glacial acetic 
acid, followed by immediate elution from a column or" 
Seph&dex &~£5 with degassed 0.1K acetic acid. 
Monitor eluted fractions at £80 ras, pool 
nrotein™containing f tactions, and estimate protein 
concentration either spectrophotometrically or 
chemically, using native ribonuciease A as the 
standard, 

Mlute the sample of reduced ribonuciease to 
about 0.5 mi/mi v?ith 0.1 M acetic acid. Add solid 
urea to give a final concentration of MM, and 
sar cosine hydrochloride to O.IK (sarcosine is 
included to react with cyanate ions that are present 
in concentrated solutions of urea and can inactivate 
ribonuclease by eanhamyiation}. Adjust pH to 8.5 
with 1H THIS, and incubate at ambient temperature for 
2 to 3 days in the dark, during which time the 
protein is randomly reoxidised by atmospheric Q<g, 
After this incubation, determination of free thiol 
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groups using 5 , 5 ■ -dithiobis (2™nitroben:soic acid) 
shows r ©oxidation to be complete (less than 0.1 free 
thiol per ribonuclease molecule) > 

s Recover the scrambled; product by 

acid if i cat ion to pH 4 with glacial acetic acid and 
elution from Sep&adex 5-25 is 0.1 M acetic acid. 
Pool the fractions containing protein, adjust to pB 8 
with 1 H TRIS, and store at 4»C'-< 

j0 The yield of scrambled ri bonne lease through 

this procedure is typically §0-1.00%. The product is 
stable at 4'C in solution for up to 6 saonths or, 
alternatively, may be dialysed into SO tsH BH^HCQg ». 
pH 7,8, and then lyophllised, yielding a white fluffy 

3.5 solid that may be stored indefinitely at -20 *C« 



The substrate, scraasbled ribonuelease, is 
essentially inactive in the hydrolytic cleavage of 

30 high~ffiOleeular~weight RM, having about %% of the 
activity of native ribonuclease. The action of FBI 
in catalysing interchange of inter- and 
intramolecular disulfides in scrambled rifeonnelease 
results in regain of the native disulfide pairing, 

25 native conformation and concomitant return of 
ribunuelease activity against MA. Thus, the 
activity of PM is assayed by a time-course 
incubation during which alifuots are removed and 
ribonuclease activity toward HHA is measured. 

30 The sample of protein disulf ide-isomerase i 

added to 50 mM sodium phosphate buffer, pH 7.5, to a 
final volume of 900 |tl and preincubated with 10~ 5 M 
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ditbiothreitoi (10 |iX of I m stock solution, made 
fresh daily) for 2 to 3 minutes at 3Q*C, TS1S-HC1 
buffer is also acceptable but gives about 251. lower 
activities . The assay .is t%m. started by the 
addition of a 100 ul aliquot of scrambled 
riboxmclease (0,5 »g/sd stock solution in 10 Mi 
acetic acid, made fresh daily), and the incubation 
mixture is maintained at 30*C For work on a smaller 
scale, the volumes above can he reduced 10-fold > to 
give a final assay volume of 100 pi. Miouots of 10 
0, are removed at 0.5 annates and then at £ to 3 
minute intervals for up to 18 minntes , to assay for 
the reactivation of scrambled ribonuc lease . Bach 
ali#ot is immediately added to an assay mixture of 3 
ml of mi buffer (50 mH TRXS-SC1 buffer, pH 7,5, 25 
m £Cl, 5 m HgCl 2 > containing 0,25 mg of highly 
polymerised yeast RHA <50 pi of 5 mg/ml stock 
solution), in a quarts cuvette previously 
equilibrated at 30»C< Rihonuclease activity is 
monitored at 30*C using the dual-wavelength mode of a 
Perkin-Elmer 356 spectrophotometer (bandwidth 2.5 
nm), and measuring change in A 260 relative to A 2 80 
(M) . The rate of MA hydrolysis (M mis™ 1 ) is 
constant over. 1.5 to 2 minutes; a plot of this rate 
versus time of withdrawal of the aliquot from the 
incubation is linear for up to 15 minutes. The 
gradient of this linear portion of the time course 
<M ffiin™ 1 min" 1 } is. calculated by linear regression 
analysis of triplicate assays <«ith correlation 
coefficient routinely x 0;»5*9> and taken .as a measure 
of protein disuif ide - isomerase activity. 
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Control incubation® are performed omitting 
enzyme sample to measure .the. rate of aoaeazym&iic 
reactivation of scrambled ribonuclease by 

5 dithiothretoil alone. These rates are usually less 
then 0.2 x ID™ 3 M mm~ l min"' 3 - and are subtracted In 
the calculation of the protein disnlf ide-isojssrase 
activities of ensyme samples. 

One unit of protein disnlf ide-isomerase 

IQ activity is defined as the amount catalysing 

reactivation of scrambled ribonuclease at a rate of 
one ri bonne leas e unit per minute; one ribonuclease 
unit is defined as the amount producing a change in 
%60 **l&tive to A ? go of 1 adsorhanee unit per minute. 

IS 

Construction of vectors for integration of FBI 
20 &*p£ession cas settM^a t yeast ,l*TS l...&rj|Ml>lS&L. 

A vector was constructed for integration at 
Ll£2 according to the following procedure. The 
plasmid pUC19 was digested with Hindi II and the 
linear vector fragment was gel-purified- This 
2§ fragment was. then digested with l&oJBX and the 

resulting 2,7 kbp lc.oRi~-iifidIIl vector fragment was 
gel-purified. The purified' fragment was then ligated 
with the following synthetic oligonucleotide; 
5 ! ~MTTGCGGCCGCMGCTT5CG«GCGC-3 » (SEQ < IS . HO . : &) 
30 3 * ~CGCCGGCGTTGGMCGCGGSCGTCGA-5 ' ( SEQ . ID .WO . i 7) 

which contains an jasfX cohesive end, Mot! site, 
EinuIXI site, I&tl site* and iindlll cohesive end, in 
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that order. The resulting plasrsid, pUC-Not < contains 
a unique tindXXl site which is immediately flanked on 
both sides by loll sites. 

5 A plassda for targetting of expression 

cassettes to integrate at the HE&3 locus was 
constructed as described below. The source of the 
yeast 1RA.3 gene was the 1.1 kfep Kin dllX fragment from 
IKplQ [Parent, S,A< ei.il,;, BBS, Yeast, 1, 

10 pp. 83-138) . The piasmid pUC-Sfot was digested with 
ILindni, dephosphorylated with calf intestine 
alkaline phosphatase, and Xigated with the 1.1 kbp 
IladlXl 2M3 fragment, yielding the piasmid 
pUC~Kot-UPA3 , 

X S A plasssid for targetting integration of 

expression cassettes to the U&Z locus was 
constructed as follows. The plasisM Xlp&OO [Barnes, 
S . A . and Thorner . J. t 1986, Mol. Cell. Biol., i, 
pp. 2828-2838] bearing the yeast gene was 

20 digested with SsfiEI pins EindIXT and the 4.5 kb$ 
fc&RI~Sin4XXX fragment bearing the LXS.2 gene was 
cloned into pUC19 which had been previously digested 
with EpoEl plus liidlll, yielding pUKCl?! . This 
piasmid was then digested with PvitXI pins IglXX and 

25 the 3.7 kbp PvnII-BglXI fragment beasing the 

gene was gel-purified and sad e flush-ended. Piasmid 
pUC-Hot was digested with MndXXX, dephosphorylated 
with calf intestine alkaline phosphatase, aade 
flush-ended and then ligated with the 3.7 kbp £<I£2 

30 fragment. The resulting piasmid with the expected 
structure was designated pXFC-Hot-MS2 (also called 
pHL ) . 



10 



A second vector for integration at LYS2 was 
also constructed:. The piasmid YIp600 was digested 
with MM the 3.0 iaS fragment bearing a 
major portion of the f-tQtein coding sequence was 

gel~pu rifled and made flush-ended. The plasmid p0C13 
was digested with l&ffiHI f made flush-ended, and 
X i gated with the 3,0 nbp LIS.2 fragment, yielding the 
integrating vector ptFC13-LX£2, 



Construction of least Strains Which Overproduce Human 

The source of the human FBI coding sequence 
was the overlapping partial cMA clones p210 and pi 
described by Pihlajaniemi &fc 41- (1937, supra). The 
0.45 kbp Ec.oJlI~£si;I fragment from p2I0 which catties 

20 the 5 ! -terminus of the human PDI eBHA was subcloned 
into ptJC18» yielding plasmid pUKClSO. Plasmid 
puKC.150 was then digested with igo Si plus Aval (Aval 
cats at the position corresponding to the third amino 
acid in the coding sequence for mature human HSX), 

25 The resulting 3,1 hop vector backbone fragment was 
gei-~pur if led and iigated with an oligonucleotide 
adapter having the structure : 

5 » -AATTCGTTGACGCCC-S ' < SEQ . IB . SO . : S ) 

3 < -GSMCT$CSG00GCT~5 » { S.EQ > ID . K0 . > 9 ) 

30 This adapter reconstitutes the 5-end of the mature 
FBI coding sequence and contains a Elsdlt site in 
such a position as to allow the precise fusion of the 
mature human FBI sequence to a desired secretory 
leader sequence. 
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The resulting plasisidi pl3lCl§9, was then 
digested with Mil, treated with calf intestine 
alkaline phosphatase , and li gated with the 1.3 Rbp 

5 Elil-EatI fragment fro® plassdd pi (Bihiajaniesi it. 
&1, , 1987, supra) which carries: the remainder ox the 
human FBI coding sequence, yielding plasmid pUKC160< 
Flaamid pUKCX&Q ms then digested with SiadXI (which 
cuts within the aforementioned oligo adapter) 

30 followed by digestion with EimdIIX, The resulting 
1,9 hhp lindll-lindm fragment hearing the mature 
human K3X coding sequence was gel-purified and 
snhcioned into plasjssid p§S4 which had feeen previously 
digested with gt,u.X pins EiadlXX <p0$# carries the 

xs yeast SMi promoter fused to the alpha mating factor 
(HFal ) pre-pro secretory leader sequence; Shaw, 
3, M 1L , 1988, SKA , 7, 117-126). The junction 
formed between the blunt ended §£.pl and SindXX 
termini reconstructs a precise in-frame fusion 

20 between the El&l pre-pro leader sequence and the 
mature portion of hmm BBI (resnlting plasMd was 
designated p!lf;ci61; Figure 4)> 

The hISX integrating vector ptlL 
<pi f C~BotI~LTS2> was digested with StiiX pins Xhol and 

25 made flush-ended by treatment with T4 MA 

polymerase- Plasmid pUKCl^i was digested with 
pins llndlXI and the reeniting 2,8 knp is^RX-iindXlI 
fragment hearing the GAL1Q promoter - alpha factor 
pxe-pro leader - human FBI expression cassette was 

3g gel-purified and made flush-ended fey treatment with 
T4 Bh'A polymerase. The afeore flush-ended pHL vector 
fragment and this expression cassette fragment were 
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ligated together and the ligation mixture was used to 
transform I- eali strain ATCC 35691. Transf ormants 
were screened for those containing a plasmid tdth the 
expected structure- and the resulting plasmid, 
pHL~Hf «1 -hPDI was prepared in large amenrots - When 
digested with Nofc.1, pNL-JfFal-hPBI yields a 6.2 kbp 
expression cassette flanked on either end by LIS 2 DM 
sequences. The digested X>HA was nsed to transform 
cerevisi&e strains BJ1995 and 311138 using the 
spheroplast method (Hitmen A, efc. al> > 1978, Broc 
Kat 'l, Acad, Sci. USA , 75, pp ,1929-1933 } , Acting as 
a targeting device, the ip&I m&B directed the 
expression cassette to the chromosomal LIJ2 Xoctss 
where the cassette integrated via homologous 
recombination, I ransf ormants were screened for those 
which grow on solid media containing alpha-amino 
adipie acid (Chattoo, B.B . e_t &L , WIS, Genetics, 
9.1, pp< 51; Barnes and Shorher, 198$, stipra}, 
indicating the strains are lys~, Southern blot 
analysis of the clonal isolates using a M£2 probe 
confirmed that the expression cassette had integrated 
at the &YS2 locus « Chromosomal MA preparations 
digested with IgllX showed the expected shift in slse 
from 5,0 to ?.8 kbp for the band hybridising with the 
LX&2 probe, the resulting £31995 and JRT188 related 
strains containing the integrated expression cassette 
were designated 8Ji995/aipha~hPPI and 
JKY188 / alpha -hPBI (strain #1072A) respectively. 
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I^lLtXt ^^li'S ™ ^1 

Construction of yeast strains which overproduce human 

5 PBI..mim..tke.^^^ 

The mi cBHA clone pi (FihXaj&niemi et al. , 
1987, supra) was digest, mth I&fcl and the 1,5 kfap 
BsiX-PstX fragment carrying the 3 '-region of the 
temm FBI cBHA was gel-purified. This fragment was 

xo then inserted into the PstI site of pSKClSO 

(described in Example 9 above) yielding the plasmid 
puTCClSX, which contains the intact > full-length ftusaan 
Wl cM, pBlCISl was digested with liadlll and 
lig&ted with an appropriate oligonucleotide adapter 

X5 (containing an l&oRX recognition sequence) to convert 
the EixidXlI site located at the 3 ! ~ end of the mi 
<&m to an SeoEi site. The resulting plasmid* 
py"KC153 > contains the intact human PDI coding 
sequence on a 2,1 hop g££RI fragment. Flasmid 

20 PTO153 was digested with EcoRI pins Eatl, The 

resulting 0.4? kbp l£O.HI-£S-tI and 1.7 kbp E&fcl-JE&ssJtX 
fragments carrying the 5'~ and 3*~ portions of the 
human FBI sequence , respectively, were gel-pnrif led , 
pUC19 was digested with EcoRI plus PstI and the 2.7 

25 kbp vector fragment was gel-pur if iea and then Xigated 
with the aforementioned 9,47 kbp EcoRI -£stl 
fragment. The ligation mixture: was used to transform 
I. coli ATCC 35691. Plasmid BBA was prepared from 
txansformants containing a. plaassid with the expected 

30 structure. This MA was digested with Aval plus Pjtfcl 
and a 0.38 kbp fragment carrying the S'-portion Of 
the human PDI sequence was gel-pnrif ied . 
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pOC19 was digested with ifis.&l plus BaaHX and 
the 2.7 kfep vector fragment was geX™puri£ied, The 
following ol i gonuc 1 sot ides were synthesized; 



1 . 5* -GATCCACAAMCAAAATGCTGCGCCGCGCICTGCTGTGCCTGGCGTGG 

TCCGCCCmiTGCSCGCC&ACSCCC«3 i 
{Oligo # .15165-220) 
(SlQ.IiD.HO. j: 10} 

2 . 5 s -TGGSGSGCGTCGChIGCGCACCAGGGCGGACCACGGCAGGCACAGCAG 

AGCGCGGCGCAGCATf TTGTTTTGT&~3 ! 
(Oligo § 15165-221) 
<SEQvIB,SO.:: 11) 

3 . 5 1 -GATCCACA/^ACAAAATGAAGTTTTCTGCTGGTGCCGTCCTGTCATGG 



IS 



(Oligo # 15X65-249) 
(SEQ.XB.HO. 1 12) 

20 

4, 5* ™TCGGGGGCG?0GG€GAAMCAGAGGA£GCGAGCAGCAG6GASGACCAI 
GACAGGACGGCACCAGCAGx4AMCTTCATTITGTTTTGTG-3 * 
(Oligo # 15X65-250) 

i$Eq.m,m< ; 13) 

25 

Oligonucleotides #15165^220 and 15165-249 
were kinassd sad then annealed with oligonucleotides 
#15165-221 and 15165-250, respectively . To 
reconstruct human FBI with the hwttm FOl signal 
30 peptide sequence, the following ligation was set up; 
the pOC!9 2,7 kbp B&iEX-IssltX fragment was li gated 
with the 1.7 &fef KslI-S^aRX h$>M 3'-f rapjent» the 
0,38 kbp Mtl-AvaX 5 s -hFBI f ra|ment 4 and the annealed 
linkers 15165-220 pins 15165-221. 
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To reconstruct hnman PB1 with the yeast FBI 
si glial sequence, the following ligation »ixt«re was 
set up: the pl!C19 2.7 kfeg InHI^toRi fragment was 

5 ligated with the 1,7 khp PMX~ls.gKX hPBI 3 ! -fragment, 
the 0.38 hop mj-kml S*~m>% fragment, and. the 
annealed linkers 15165-249 plus 15165-250. (The 
annealed linkers contain BamhT and Aval cohesive ends 
and encode the indicated signal peptide sequence pins 

j 0 yeast 5 '-nontranslated leader sequence). 

The ligation mixtures were transformed into 
£, coll ATCC 35691 and transformants were screened 
for those containing plasmids with the expected 
structure. The BKA sequence across the region 

X5 including the oligonucleotide linkers and the 

f lanking JM& was conf irmed by dideoxy eegtiestcing 
methods. The human EBI coding sequences with either 
the yeast PDI signal peptide or human B3X signal 
peptide encoding sequences were designated ySF-hPSX 

20 and hSP hPBX , respectively. The two rssnlting 
plasmids containing these cassettes (pOC-ySP-hPDI 
[Figure 5] and pBC-hSP-hBBI , respectively) were 
digested with §jaal plus limHX. and the resulting 1.5 
khp fragments carrying the hPBI cassettes were 

25 gei~~pnrif ied .and made flush-ended. 

The pl&smld p40l <whieh contains the GALIO 
promoter and ADH 1 transcription terminator separated 
by a unique BaiHX site; Figure 6) was digested with 
BamHl, made flush-ended, and ligated with the 

30 aforementioned cassettes to yield the plasma ds 

pSAh-ySP-hFDI and pSAh~hSP~iu?DX , respectively. These 
two plasmids were digested with SmXs Sp&X* and $££Z 
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and the resulting: 3,2 Jsbp fragments bearing 

the 6AL10p-yS?~h?I>I aai (lALlOn-hSF-hPBX express ion 
cassettes were gel~purif lea, made flush-ended, and 

g then inserted into the XhoX site (made flush-ended) 
Of the LYS.2 integrating vector, gy'Ci3-LIS2. The 
resulting pi asms ds were designated pLYS2~h$P~hPDI and 
pLYS2~y$P~hPBX respectively . 

For purposes of integrative transf onaaticn, 

IQ these latter two plasmids were digested with IMI 
plus S.ael to generate linear fragments with LXS2 
flanking ends and the linear fragments were -used to 
transform yeast strains BJ1995 and JRY188. 
Transf orssants which had integrated the desired 

15 expression cassettes at &Jt£2 were identified by 

Southern blots of genomic DM which had been digested 
with IgAIX and was then hybridised with a 
probe. The resulting strains were BJ1995/MP™hPSI , 
BJ1995/ySP-hEDI, JBHSS/hSP-hPBI (strain #1148) , and 

20 JR¥i8S/y$P~hFPl (strain #1157), 



Const ruct ion, of yeast strains which overproduce a 
C-teriainal HPEL mutant of human FBI using the human 
ffffl yeast FBI sip iaI.....pBp*ldft 




endoplasmic reticulum normally contain a C~terminal 
HSEL amino acid sequence which is the signal for 
retention in the EE (Pelham,,: g£ g£. , 1988 tBSXA>< In 
contrast , human FBI has a C-terasinal KBEL sequence 



E, 




least proteins which are resident in the 
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{MMajaaiemi, Mi 8X<> 198?, .m$m). wMch has been 
previously shown to ftinctlon poorly for ER retention 
in yeast (Lewis s M < J . , e t. al , , 1990, Cell, il, 
pp. 1359-1363) . Therefore., it was desired to 
construct a xaodif ied human ESI in which the 
C-teriainal KBEL was cMaged to E0EL. This was 
accomplished as follows. 

The two plasmids gt3FC : «~yS.B-hBBI and 
ptTC-hSF-hFBI (Example 9) were digested with M&M and 
IhsJ and the resulting 4,0 kh$ M&X-ighj&X fragment 
'containing vector sequences plus tae 5*-~portion of 
the M?£X sequence and a 0.5 hop Ihol-Xhol fragment 
containing the middle portion of the hPPI coding 
•g-eqnea.ce were gel-purified- the following 
oligonucleotide adapter was then synthesized: 

i5/»-SACaACCTCOASSAGCTCSAAGAA0CAGA§$AC?CCASACATG8ASQAA« 
3 f -CTGCtGGAGCTCCTGCrAGCTTCTTCG-TCTCCTCGGTCTATGCCTCCTf- 

GACGATGACCAGAAA0CT0TGCACGAT6AACTGTAAGGATCCG~3* 
CSBQ,IB;p . ;14) 

CTGCTACTGSTCTf TCGACACGTGCTAGTTGAC ATTCCTAGGCTXAA - 5 ' 
<SEQ.ID.H0. ! 15) 

Following annealing of the two oiigos, this 
adapter was digested with M&X (now yielding EcoRl 
and Ikol cohesive ends) and Ilgated in two separate 
reactions with the 4.0 &fep isoRl-IhoI vector 
fragments containing either tfee 5 f ~ySP~-hM>X or 
S ! ~hSF-hFDI sequences, respectively. The resulting 
two plassiids were then digested with ikoT and iigated 
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with the aforementioned 0.5 fcbp Ih£l»ZMl fragment 
containing the middle portion of the hPBI coding 
sequence s yielding the piasmids ptJC-ySF-nPDX<HDSL) 

5 and ptJ€~hSP~hPBI(HBEL> s respect ivety, into which the 
XhoX fragment had inserted in the correct orientation 
to reconstruct the human FBI coding sequence. These 
two plassdds were then digested with gsmHI and the 
two different 1.5 tbp BaBHX fragments carrying the 

IQ expression cassettes were gel-purified and then 
inserted into the .BamHI site of p401 s yielding 
pTJC-g&U Op-ySP-hPBI (JBSSL ) and 

ft i C-g4L10o--hSF-hFril(HI>BL) , respectively, these two 
plasmids were then digested with &®aX > SjLhl sad 

IS EsmX... The resulting two 2,5 kbp $mX~&$&£ fragments 
were gel-purified, made flush-ended and then iigated 
with p0€13-yfS2 which previously had been digested 
with IhoX and made flush-ended,. The resulting two 
plasadds f pLTS2.~ySP~hPBJ<BB:SL) and 

2o fLY&2«hSP~hPM(HBEL> were linearised by digestion 
with Hpal pins l£.oKV and then used in separate 
reactions for transformation of strains BJI995 and 
JRY188 » Bys™ transf ormants were selected on solid 
media containing alpha-amino adipic acid. Isolates 

2« containing the desired expression cassette integrated 
at the locus were identified by Southern blot 

analysis of genomic DMA, The resulting strains were 
designated BJ199S/ySB-hFMCII51L) , 

BJW95/hSP~hPM(OTh}, jm88/ySf~hFBX<HBSL} (strain 
30 #1268), and JEYlS8/hSF-hFM(lBlL) (strain #1267). 
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Construction of yeast strains vfcish overproduce 

5 C-terminal HBEL mutant of human Wl using the yeast 

alpha factor ssc£gtory....lea&e.r 

Flasmid ptTKC16i (Figure 4) was digested with 
MlHI plus Clal and the 0.'/ kbp BamlX-Clal fragment 
bearing the alpha factor pre-pro leader sequence and 

IQ 5 ' -segment of hPBI was gel~purif led . The plasaid 
pUC~ySF~hFDI(BB£L) (described in Example 11) was 
digested with Cla l and IcoRI and the 1,0 khp 
Clal ~£coEl fragment bearing the 3* -segment of hWt 
with the C-terminal BDBL modification was 

IS gel-pur if led , pUCl9 was digested with BamH I plus 
EcoPJ and the resulting vector fragment was iigafced 
with both the 0,7 kbp la.sKX-51.aX fragment and the 1,0 
kh$ £J,liI~l£,aRI fragment to yield the piasmid 
pUC-KFaI~hFBI(Bl)EL} - this plasmid was digested with 

20 MlIX and the 1,7 kbp BamHX-BamHX fragment carrying 
the FBI cassette was gel-purified and inserted into 
the BamS l site of the piasmid p4Ql (Figura 6), 
yielding the plasmid p04h-MFol-hPI)l<HPi<h) - This 
plasmid was then digested with the enzymes jSss&t. 

23 and 2ml and 'the: resulting 2.6 kbp SiaX-SpbJ 

fragment hoaxing the expression cassette was 
gel-purified and made flush-ended. The pUC13-LXS2 
vector was digested with Biol, made flush-ended and 
then ligated with the ahove 2.6 khp flush-ended 

30 fragment- The resulting plasmid, 

pLYS2-MPal-hPBl(SDEL3f was digested with Ipsl plus 
IcOEV and then used fox transformation of strains 
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JEI188 &n& £31-995 * The result ing transf ormatvts were 
evaluated by Soothers blots of genomic DKA (as 
described in Example 9) to confirm that the desired 
expression cassette bad Integrated at the MS2 locus 
The JRT188 transformant was designated strain #1279 > 



10 

Construction of yeast strains which overeaspsess the 
yeast FBI protein from an integrated expression 

cassette at LYS 2 locus „ 

The piasmid C? (described in Exaisple 4) 

j5 bearing the complete yeast FM.l gene was digested 
with -EcoRV and the 1.3 hop M&W~M0^ fragment 
containing the C~ter*inal portion of the yeast FBI 
open reading frame (OEE) (from amino acid 223 to end 
of GBP) plus the 3»~uontranslated sequence was 

26 gel-pnrif led and inserted into the Ift&JtV site of the 
plasmid pATISS [Twigg, k,§< and Sherratt, D, , 1980, 
8atore s 283 , pp, 216-218 j, yielding pUKCI69. Plasaid 
S? was then digested with Ban ! plus Bco-KV and the 
0,6? kfcp M^l™l£-O.KV fragment encoding amino acids 

25 6-222 of the yeast FBI Q1P was gel-purified and 

li gated with the following synthetic oligonucleotide 
adapter : 

5 * -G^TCCACAAMCMAMSA^Tf ^fCf SCTC-3 ! 
30 (SEQ.IB.MQ. : 16) 

3 ' ~GtSTtTT6TTf^ACTTCAAAAGAGSAGCACG~5 f 
<SE0.1B.K0. s 17) 
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which, contains BamfiJ and M&£ cohesiye ends, 
respectively s and encodes amino acids 1-5 of the 
yeast HSX OBf plas 12 hasepairs of yeast 
5 S'-nontransiated leader science. (The ATG 

initiation cod on is underlined,} The resulting 0,7 
kbp Bamii-EeoEV fragment «s gel-p«rified and then 
sabcloaed into pATI53 which had been previously 
digested with EcsRV pins BaiBI, yielding the plassdd 

PlasKid pWCim was digested with IMKV and 
the resulting 1-3 kbp l<^Bl ? ~EcsEv' fragment hearing 
the aforementioned ("-terminal portion of yeast PDX 
was gei~puri£ ied and then inserted into the unique 

15 EeoEV site of pKC170 thereby regenerating the intact 
yeast FBI (yPBI) gene. This resulting plasmid was 
designated p T JKC175 , 

p«KCi75 was digested with $£OjX and the 
resulting 2.1 kbp fragment hearing the yWI gene was 

2Q made flush-ended and gel-purified . pUC19 wag 

digested with &i£X pins &gal, ffiade f lush-ended , and 
ligated with the above flush-ended Is&HI yEDI 
fragment- The ligation mixture was used to transform 
i. coli M5 cells and the resulting tr&nsf ormants 

25 were screened for those containing plasiaids with the 
yFBI insert in the appropriate orientation such that 
a IsmSX site in the pi?C19 polylinkex was located 
adjacent to the 3 < -end of the yPBX coding sequence. 
As a B&mHI site already existed at the 5* -end of the 

3D yPDi OK? on the ScoNl fragment, this construct 

(designated pUCW-yPSI) now contains the yPBl OEF on 
a 1.9 kbp lagEI fragment, ptrcif-yFBl was digested 
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with IisHl and the 1.9 BamBX Mbp fragment bearing the 
yPBJ gene was gel -purified and then subclone*! into 
the E.amH! site of the vector pt?C 1 8-GALl Op ( B ) ABH.lt 

5 (stock #401) (Figure 6) , The resulting plasmid, 

pIJClS-SALlOp-yPBl-MMit (Figure 7), is stock #1015, 
Flasadd pIJClS-GALlOp-yPDX-ABHIt was digested with 
§ml> plus S_ajj.X and the 2.7 hbp MsX-SpM 

fragment carrying the expression cassette was 

10 gel~p«rif ied, .made f lush-ended ■> and then closed into 
the unique Stal site of ptSKC171 <pU£Cl?l contains the 
4,5 kbp IfiSKI-Iisdlll hISZ fragment of YIp600 (Barnes 
Thomer s 198$, supra) snbcloned into gtfCl,9 which 
had been previonsiy digested with Be.oRX pins 

15 $$j$XXZ}, The resulting ^XfKCU l^AhWp-fWI vector 
was then digested with Be^RX pins £MH to excise the 
LIsa-^LlOp-yyr'i-ADHlt-hlsa cassette which was then 
Used to tr&nsfor® £, cerevisiae strains JRX188 and 
M1995. The resulting lys~ transf ormanfcs were 

20 evaluated by Southern blots of genomic IMk 

preparations as described in Ex&japie 9. Isolates of 
each strain were found which had the fiMtfOp~y?M 
cassette integrated at the LX&2 locus. The resulting 
strains were designated B31995/yFM and JEI188/yF2X 



30 Construction Of a yeast strain which overproduces 
yeast FBI from an integrated expression cassette at 



The plasmid pltJ£™$ot-4JRA3 (Example 8) was 



(strain #1152). 




digested with &$&T plm (to delete a portion of 

the SEAS gene) and made flush-ended, Plasald 
pt ? C18-SALl%>--yFBJ»ABHlt was digested with I&oRI. 

and Sghl aM the 2,0 kbp lm&i~&gM f ragment 
bearing the <3AL10p~y?M~AMji expression cassette was 
gel-purified, made flush-ended, and ligated with the 
above vector fragment, yielding the plasmid 
pSRJ-SAUOp-yPBI , The um3-0ALlOp~yFPI-ACHIt-t T M3 
integrating cassette was excised ftm pMJ-GALIQp-yPDI 
by digestion with Mst.J< The resulting linear 
fragment was used to transform yeast strain &M107'. 
Ota" tt&nsformants were selected on solid media 
containing 5-f luoroorotic acid (Boeke it il- , 1984, 
Hoi, Sen, Genet-, IS?,, pp 345) < Genomic DKA from the 
resulting uxa~ transfonnants was digested with gglll 
and evaluated by Southern blots using a radiolabeled 
I&sRI-feaXI fragment from the GALlOu-ylBl-ABHlt 
cassette as probe < Isolates Were identified which 
had integrated the desired SALX0p-yP3>I»ABBIt 
expression cassette at HM3. Isolate K-Yl had 
multiple copies integrated at 2RA3 (strain #1136), 
Isolate K-X3 had one copy integrated at WA3 (strain 
#1137), 



SIMFLI...li 

Evaluation of PBI Protein Levels In Recombinant Hosts 
least strains were grown in 3 x YEP5J liquid 
medium for 24 hours, at 23*C, After that period, 
cultures were supplemented with galactose to a final 
4,8% concentration. The cultures were then 
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reincubated at 23*C, for as additional period of 24 
hours . Mtern&tiyely , yeast strains were cultivated 
is 3 I IBPB for 24 hours at 30*C. The cells were 
harvested and washed with cold sterile water, and 
resuspended in tie same volume of 3 x lEPP-Galactose 
»8ditJS8. The yeast strains were incubated for a 
farther period 'between 16 and 25 hours, after which, 
they were narvested and protein extracted by 
extraction method 2 (below). 

EsiiteiiL-mtmct i on ; 

Proteins were extracted from, exponent! ally 
growing or stationary phase cells using glass bead 
disruption, essentially as described by Kellor gt 
4l<> (1983, Gene, 24, pp.X»W}, 

Method 1 : Protein was extracted by glass 
head disruption of cell walls, in the presence of 
PMSF <0.5stM) in a Z$m phosphate buffer pH 7,0, 
followed fey a t"reer.e-thaw cycle, and soluble protein 
was recovered by eentrifugation for 10 minutes at 
13,000 rpm. Secretion was initially assessed by 
analysis of spent culture liquid, either before or 
after concentration with PIG (solid), ammonium 
sulphate < 0-861} , or an ultrafiltration membrane 
<<100 kDa), Protein concentration was determined by 
the method of Bradford (1976, Anal. Biochem., 72, 
pp. 248-254) , 

Method 2; Intracellular sample® were 
prepared as in method 1, but the culture medium was 
supplemented with HaQH, and j$~mereaptoethanol 
(respectively, final concentrations of 0.2.M and IX), 



left on ice tor about 10 minutes , after which TCA was 
added to a final c oncent % at ion of S%, After SO 
isiaates standing on ice, protein was recovered by 
esntrifugation, washed with cold acetone and 
resuspended in SDS-PAGS loading buffer. 

50$ig of total soluble protein was analysed 
by one dimensional SSS-FA0S (\Z% poXyacrylamide} and 
Coomassie blue staining essentially as described by 
Schultz e.t al- > (1987, Gene, M> P$* 113-23) . 

Electrophoresis was conducted under the 
following conditions: -10% ShS-polyacrylamide gel, 
and XOfig protein loaded per lane (protein extraction 
method 1). Sigma grestained molecular weight 
standards were run in all the gels, Oels were run in 
a Biolad mini-Protein 11 gel system* Extracellular 
extracts were loaded at l$~20al per lane, without 
estimating protein concentration. Voltage was kept 
helow 200 volts during electrophoresis. 

Proteins were transferred to nitrocellulose, 
using a Siometra semi-dry Western blot system. 
Nitrocellulose membranes were blocked with 51 <w/v) 
powdered mills, for one hour, washed, incubated with 
anti hnman~PDX polyclonal antibody for between 3 
hours to overnight, at. dilutions ranging from 1:500 
to 1:750. Membranes were washed and 
peroxidase-eonjugated anti-rabMt XgG- was added at a 
final dilution of 1:1000, and incubation continued 
for one hour. After washing the blots were developed 
using an Assgrsha® ECL kit as described by the 
manufacturer. 
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Initial assays showed that strain 1072A 
produced secreted hH>X at levels detectable by 
Western blot, The level of detection was 0.0S$ig of 
purified bovine FSI hj the WU protocol employed < 
This secreted FBI was shown to be a dis&er since it 
was retained by a 100 kBa cut-off ultrafiltration 
membrane. When strain 1072A ana its corresponding 
HDEL variant (1279) were compared , it was found that 
the My&an ?DI was secreted by both. In this 
experiment the final culture / induction conditions 
were optimised in terms of temperature <*€} of growth 
and induction period. The two strains showed a 
higher level of FBI synthesis when cultivated at 23 *C 
and then induced for 16 hours at 30 S C, or when 
cultivated and induced at 30* C, for 16 hours, 



Preparation of a vector for the expression of 

Antistasin is a potent protein inhibitor of 
the Mood coagulation Factor Xa. Antistasin (ATS) 
was isolated f rom the salivary glands of the Mexican 
leech ffaeffieateria officinalis {Nutt, S. f.fc gjU, 1988, 
J, Biol, Chem,, 261 s gp,l0i&2-101&?). The cDM 
encoding ATS was subsequently isolated and 
characterised by Han, J. H, ,f.l» (1989, Gene, IS, 
'pp-i 4?~57), ATS is an ideal reporter protein for the 
evaluation of the effects of Increased levels of FD1 
activity on the folding and formation of proper 
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disulfide bonds in a heterologous protein secreted by 
recombinant yeast since At S has 10 disulfide beads 
which am st be correctly paired in order for the 

s protein to have biological activity. 

ATS was expressed is yeast -using the 
expression vector p£H4a2 (Jacobean, M.A. et al, , 
1989, Gene, BjL pp* 511-516} , which contains the 
galactose-inducible SJkI40 promoter and the yeast 

10 HFal pre~pro secretory leader sequence to direct 
secretion of .heterologous proteins. The coding 
sequence for ATS was isolated by polymerase chain 
reaction <PCR> methods tp lag subcloned ATS £W& from 
clone XSC-4 (Han, J< H. e.i. aJL ; supra) as substrate 

i§ and the oligonucleotide primers; 

| , 5 ! - ATATGGAXCCTGTCTTTGGATAAAAGACAAGGAC 

CATTTSGACCCSGGTGT-3 * ( SEQ . IB . NO . s 18) 

20 2 < 5' -TATA0GATCCTTATSATAAGCGTGGGATAASCTT-3 » 
(SEQ. IB, HO- : 19). 



Both primers contain a lajiHI site to facilitate 
subc losing of the PCS product-. The first primer 
inserts a yeast 11X2 yscF endoptotease cleavage site 
(Lys-Arg) B-tersdnal to the first amino acid residue 
of ssature ATS (the yeast yseF endoprotease cleaves on 
the C -terminal side of the Lys~»Afg site in this 
sequence). The PCS product was digested with Mull, 
gel -pur if led, and then ligated into BamHX-digested 
pP4a2 to yield pM4«2/ATS (K991) (Figure 8), This 
expression vector was then used to transform the 
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yeast host strains listed in Tahle 1 using the 
spheropiast metfeod (Hinaea, it. al. t 1978, MEM) - 
Transiormants were selected on synthetic 
solid media lacking ley cine <S cheats, L. si al- , 
1987; Oene, 61, pp. 123-1331 and streaked for clonal 
isolates which were tised in subsequent analyses. 
Strains were preset-ved by storage at -7Q*C in 
synthetic media containing 17% glycerol. 
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Transformed 


Host 


Original 


FBI* 





£XX&.ul 


> &3>&&*M 




960 


239 


juris 8 


none 


1105 


1072A 


JKilSS 


alpha-hFDX 


iin 


1157 


JRY188 


ySP-nPBI 


1175 


1148 


JEI188 


h$P-hEDI 


1293 


1279 


JEY188 


alpha-hPBI <HBEL) 


1294 


1267 


JRY188 


hSP~hPM<BBEL) 


1295 


1268 


JM188 


ySP~hPDI(HB£L) 


.1177 


1152 


JSI188 


yPM 


1156 


548 


KEY I 07 


none 


1154 


1136 


KHY107 


yFBX-Al 


11S5 


1137 


XHT107 


yEDI-A3 



*H>2 cassettes and strains are described in the 
20 Examples as follows J &lfh&»WM ... Escaarple 9; ySP-bPBI 
•dad aSP-fePBX j Sample 10; hSP~&?BI<HI>EL> and 
ySP-bPDX (HBEL) , Example 11; alpha-hFBI (H33EL) Example 
12; yPM, &casple 13; yPBI~AX and yPi>I~A3 , Example U. 



25 

*Transf orsned strains contain the K991 aatistasin 
escpx e s s i on ct or . 



30 



WO £3/25676 



KT/US93/053-I8 



- 64 - 

Growth and evaluation of parental and PDX 

The !39i-~transformed parental JRII38 strain 
plus the various transformed derivatives which 
overproduce either fe&s't or fcumaa PXJl were evaluated 
for secretion of aatistaain fey the following 
procedure. The indicated strains wets streaked from 
the -70*€ frozen glycerol stocks onto leccine-minns 
synthetic agar platea and grown for 3 days at 30«C. 
Culture tnbes (18 x. ISO mis) containing 5~®L of 3xIEHB 
[60g Difco yeast extract, 3Qg EySoy peptone, 4% 
glucose per liter] saedia were inoculated with a small 
loopful of cells and incubated for about 18 hours at 
S53"G on a tissue cult-are roller drum. At this stage, 
cells were induced hy the addition of galactose to a 
final concentration of 4. St 0?/v> and the cultures 
were incubated for an additional 5 days at 23*C.» 
Cells were then harvested hy cent rifugat ion and the 
clarified media supernatant was retained for assay of 
ant i stasia activity, which was measured by inhibition 
of Factor activity [lutt, E. g£ si,.-. 1988, 
supra]. The . experiment was conducted in triplicate 
and results are sumari zed in Table 2, 
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Strain H ATS per 1,0 Op Relative 
. . hm&i 

jMiae 25,6 l.-.'O 

JRY18 8 /fcSF-hH>I 24 < 4 0.95 



JRY 188/ ySP-hPBI W . 4 



1.11 



JET! 88 / alpha-hJPBI 77,2 3 < 0 

JH1188/VPD1 65.1 2-54 



Evaltttioa of A»ti:Stasi» Secretion by JRT188 and 
related Strains which Overproduce HDSL Mutant version 



The FJ91---transformed JET! 88 and transformed 
derivative strains which overproduce the SDSL atttaat 
version of haaati mi with the three different 
secretory leaders were grown as described in Example 
17 and the clarified media snpetnatants were 
evaluated for the levels of secreted ATS by the 
Factor Xa inhibition assay as described in E^aasple 
17, The results are presented in Table 3. 
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Strain ng ATS per 1.0 OB Relative 

ID 

MflBB 18,0 1,0 

JM 188 / hSP-nPDl (HEEL) 27,5 1,53 

1« JRY188 /'ySP-hPJDX (HDEL) 29.3 1.63 

jm 88 / alpha~hBM (HDEL) 31.3 1,74 



20 



Secretion of Ant 1st as in by yeast strain KHI107 
2 5 derivatives which overproduce yeast PBI 

The K991-tiansforaed KHY107 and its 
transformed, derivatives: which overproduce yeast FBI 
were grown up. and clarified media sitpertiataats were 
evaluated, for the levels of secreted ATS by factor 1 
30 inhibit iotj assay as described in Example 17, The 
results are soxmxarised in Table 4< 
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KHY107 A| 0.3U 23.9 0,013 

WXW7 A2 0.244 24,5 0.010 

iCEilO? A3 0.334 25.5 0.013 



K-Il Al 1,168 24,8 0,047 

Ml A2 1-469 21.8 0,067 

K-Tl A3 1.483 25.3 0.059 



K~I3 Al 3.856 39,0 0,099 

M3 A2 2.144 SI. 2 0.042 

A3 1.920 48,0 0.040 



K~T1 is KET107 with multiple copies GAL~yFDI at DM3, 
K-I3 is KHHO'7 with single copy GAL-yPDI at KK&3. 
Al, A2. and A3 refer to different clonal isolates of 
the indicated strain evaluated in parallel. 
OverexpressioB of yeast SM results in 4~£ol3 higher 
secretion of ATS activity on a per ceil basis, and 
about 9-fold higher secretion on volumetric basis for 
isolate K-I3-A1. 
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Construction of yeast host strains which overproduce 
« either yeast FBI ot human WI from a multicopy 

pImjmJ 

The multicopy yeast shuttle vector Y£p24 
(Eotstein, ' D. gl §1. , 1979, Sene, fi, pp. 17-24) 
contains the yeast 2-micton SHA origin of replication 

10 and the yeast 0EA3 gene for selection on uracil~»in»s 
synthetic media, Y.Sp24 was digested with BamS! and 
the resulting 7.8 kbp HamHX vector fragment was 
•gel-purified (fragment a). The plassud 
ptlClB-GALIOp-yKDI-ADHIt (#1015) was digested with 

XS Ifiti&j SphI . and Sgtf; the resulting 2,8 fcbp 

Si&QEl-^l fragment bearing the QMiWf-fWI-MMlt 
expression cassette was gel purified (fragment b)y 
FUsmid pTO161 was digested with I<lqE1 plus Hin.dlXl 
and the Z.8 khp SgaSI-EiadlXI fragment hearing the 

20 <?ALip — MTal pre-p to—human FBI expression cassette 
was gel purifies! (fragment c) . The above three 
fragments -we re made flush-ended and then ligated 
together as follows; (1) vector fragment a. and 
fragment b were ligated together to yield the plasmid 

25 Ilp24™GAUDp.~yP»l (figure 9); (2) vector fragment a 
and fragment & were ligated together to yield the 
piasmid lEp 2 4~GALlp~MF<X-hJ?I>I (Figure 10) , 
Large-scale CsCl preparations of the two resulting 
piasmid DHAs were made. In two separate 

30 transformation reactions, the yeast strain JRT188 was 
cotransf ormed with the ATS expression vector K991 
(Example 16) and either YEp24~SAUQp~yB5I or 
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ISp24-GALlp~KF«~BHjI ., fra»sformants cont&iniB| both 
plassdds v?ere selected ok synthetic media lacking 
both leucine and uracil and isolated single colonies 

5 were restreaked on the same media for selection of 
clonal isolates. Five such clonal isolates for each 
of the two original eotrans format ions were inoculated 
into 5 ml of 3&ilHS medium in enltnre tubes and 
incubated for 24 hr at Z3"'C in a tissue culture 

lQ roller drum. At the end of that time, galactose was 
added to a final concentration of 4,8% and the 
cultures were incubated for an additional 5 days at 
23*C. Cell were removed by centrif ligation and the 
clarified saedia snpernstants were assayed for the 

15 levels of ms activity bf the Factor Sa inhibition 
assay. The eontrassformants which contained the 
IE^24-aALl0p~yH>X plasmid plus the ATS egression 
vector showed 3- to 26-fold higher levels of secreted 
ATS activity, depending oh the isolate, compared to 

20 the parental JRIISS strain containing only the ATS 
expression vector. The contransformants containing 
the |Ep24-GALlp-MF«-hPDI plasmid plus the ATS 
expression vector showed 2- to 3-fold higher levels 
of secreted ATS activity compared to the parental 

25 JRY188 strain containing only the ATS expression 
vector * 



EXAMPLE...!! 
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Construction and evaluation of yeast host strains 
which overproduce either yeast or human FBI from the 
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same expression vector used for expression of a 
gtJxoiftgmm^stMiL; ~ 



The I- s&x$$M&m £M£ aad genes are 

5 transcribed divergently frsa s .region between the two 
structural genes which contains the divergent SAhl 
and QMslO promoters end a Coaaaon SAL4 binding domain 
located between the TATA boxes for the two 
promoters, The piasmid pBM2?2 (Johnston, M, and 

IQ Davis, E , , 1984 , Hoi, Cell. Biol , , 4 S pp. 1440) 

contains this divergent yeast &M*1^GA&10 promoter on 
a 0,85 kbp EcoHI-HindXlI fragment (with also an 
internal SamHI site adjacent to the HisdlXX site), 
This promoter fragment was used to construct a 

.15 divergent promoter cassette vector * ptl'C-GALl/10 , 
which has the following properties: yeast 
promoter separated from the yeast AMI transcription 
terminator (0.35 kbp gis^IIX-Ss&I fragment) by unique 
and £mal sites, in that order, least SAhl 

20 promoter separated from a second copy of the &M1 

transcription terminator by unique MmKl and HindlXX 
sites. The 3* -end of Both ME% terminator elements 
are flanked by SgbT sites to allow one to isolate the 
entire divergent promoter expression cassette as an 

23 J&fel fragment. The vector backbone in this piasmid 
is pUC18 with the above expression cassette in place 
of the poly 1 inker < 

The piasmid pXfC-SAii/10 was digested with 
BamBT and gel-pur If led to generate fragment "a", The 

30 piasmid pUKCIbl was digested with lamHX and the 1.9 
kbp MusBX fragment bearing the alpha factor pre-pro 
leader fnsed in~frame to the mature human PDX coding 
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sequence m® gei^purif ied and I i gated to vector 
fragaseat a, yielding the ptemi& f#S~SALl/lCM&H>X , is 
which the expression of the alpha factor 
pre-pro — hPDX fusion is under control of the MLl 
promoter- The plasmid ptJClS-GALlOp-ymi-ASHlt 
(Example 13) was digested with and the 

resulting 1,7 Kbp BaaiHI fragment bearing the yeast 
FBI coding sequence was gel-purified and then li gated 
with vector fragment a, yielding the plasmid 
ptlG-CrALl/lO-yPSX in which the GAU promoter directs 
ths expression of yeast These two resulting 

plasmids were then digested with gcjsRX and made 
flush-ended, yielding sector fragments h and c 
bearing the hPBI and yPDX cassettes, respectively. 

The ATS expression vector CK991) was 
digested with Sail plus B&1XI and the Sall-I&XJX 
fragment bearing the alpha factor pre-pro leader 
fused in~f rajse to the coding sequence for mature ATS 
was gei~-pnri.fi ed , made flush-ended, and ii gated in 
separate reaction® to the two flush-ended vector 
fragments h and c. The resulting plasmids with the 
correct structure as determined by restriction 
mapping were designated pt?C~SAU / 10~«H>I /ATS (Figure 
11) and pUC-GALl/lO-yFBI/ATS (Figure 12), 
respectively. These two plasissids were then digested 
with ,SjM to liberate the expression cassettes and 
the fragments bearing either the hM>X~ or 
yPDl-reiated expression cassette were ligated with 
the yeast shuttle vector pCl/1 <;Rosenfe«t§* S< e± 
1984, Nature, 112, pp. 77-80) which had been 
previously digested with .SpM- This yielded the 
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resulting two plasaids, pCl/l-GALl/10-|jPI)I/Af S and 
pCl/l~GALl/iO~yFM7ATS 4 in which the ATS and 
FBI-related expression cassettes were present on the 
same high copy-number vector nndm control of the 
0AUO and GAtI promoters, respectively , 

These two expression vectors were then used 
to transform yeast strains JRY18S , EJI993, and other 
suitable yeast host strains Transf orasants were 
selected on leucine -minus media aad the resulting 
transf ormants were evaluated for expression/ secretion 
of ATS and HXI as described in the preceding examples , 

The results presented in Table 5 (below) 
clearly ®hm that the isolates which overproduce MB! 
secrete several-fold higher levels of antistasin than 
the control strain which contained only p04a2/ATS. 
Furthermore, the isolates which overproduce yeast FBI 
secreted 3™ to 17-fold higher levels of ant i statin 
than the control strain. 
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(ssg/L)* 



Isolate 1 
Isolate 2 
Isolate 3 
Isolate & 
Isolate 5 



5.3 
3,9 
4 < 6 
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Isolate 2 
Isolate 3 



3.9 
11.7 



Table 5 continued : 



Isolate h 
Isolate 5 
JRT188 control 



26,0 



1,5 
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*Iields for 5 days poist-indiictioft at 23 "C 
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Effect of temperature on enhanced antistasin secretion 

Selected isolates of strain JKY188 
cotransforsssed with the antistasin expression vector 
pKH4«2/A?S and either TEp24~5AUn--HFa~hPI)I or 
IEp24~<5AL10p~yFBI were evalotated for aatisiasin 

IQ secretion after growth at either 23*C or 30*€< The 
parent strain JRY188 transformed only with the 
.anti st as in expression vector was grown In parallel- 
After overnight growth in 3xYEH» meditia at either 
23 *C or 30*C» cell cultures were induced by the 

15 addition of galactose to a final concent rat ion of 
4.8% and propagated fox art additional five days at 
either 23 *C or 30 *C, as appropriate. Media samples 
harvested at 3 to 5 days post -induct ion were 
eyalnated for levels of secreted antistasin by the 

20 Factor la inhibition assay- The results presented in 
Table 6 clearly show that antistasin expression was 
significantly higher at 23*G than at 30*C for all 
isolates over expressing FBI, both at 3 and 5 days 
post-induction . 
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<*C> 



10 



hP£X~l 
fi?I?X~2 

•3 



mim control- 



as 
23 
23 
23 
23 



0.83 
1,14 
5 , 93 
3.00 
0.38 



2 . II 
2 . 68 
10,25 
15,92 
0.65 



20 



-1 30 

wm~z so 

yM-l 30 

yPBX»3 30 

J.RY188 control 30 



0.49 
0,42 
2.29 
2.71 
0,34 



0,47 
0,47 
4.65 
2,56 
0.30 



*The various &PM isolates contained both the 
antistasin expression vector &99I and 
YSp24~GALlp~!'|Ffx-"n?DI, The yPBl isolates contained 
both vector K991 and TEp24~0ALl€>p~yPl}l < 
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Secretion of tick anticoagulant peptide (TAP) by 
rf ^Miaant yeast, sttaias Mth oyfesmsi &£&JgBL.. 

tick ant ieoafiila^t psf tide (TAP) is a 
potent, highly selective inhibitor of the blood 



coagulation factor Xa (waxisaa, h> fit Sl^ 1990, 
Science , 248, pp. 593-596), TAP is a novel serine 
protease inhibitor isolated from the tick QmitMiMs.m. 
maubsta- TAP is composes of 60 amino acids including 
6 cysteine residues {Waxsian M &k. , 1990, supra). TAP 
has been expressed in yeast using the expression 
vector pKH4-TAF which contains the galactose-inducible 
gALlO promoter and the yeast WMk pre-pro secretory 
leader sequence fused in frame to the synthetic gene 
encoding TAP (Eeeper, M, gt al> , 1990, J. Biol. Chess., 
pp. 17746-17752). This vector contains a slightly 
modified Kf&l pre-pro leader serenes dne to the 
presence of a BjyuEX cloning site located at the 
position of amino acid 79 of the pre-pro leader 
(deeper g.t al, 1990 , supra), 

A second TAP expression vector » pKH4~3B/TAP, 
was constructed which contains the authentic JH&l 
pre-pro leader sequence fused in-f ra»e to the 
synthetic gene encoding TAP. The plasmid pKH4~TAP 
containing the synthetic TAP gene (Neeper g& &1< , 
1990, supra) was used as the DMA template in a 
polymerase chain reaction <PCR) using the following 
tvo oligonucleotide primers in order to modify the 3 ? ~ 
and 3'~ termini of the synthetic TAP gene, 
respectively: 

5 * -TACA&CCGIC TGTGCATCM- '3 (S1Q , IS 1 ., K0 . : 20 ) and 
S « -ACTGGATCCG MTTCMSOT TASATSCAAG CGT-3 5 
(SEQ,1P.N0. :21), 

The PCE reaction was carried out by methods 
well known to those of ordinary skill in the art 
(Innis, H.A. editors, 1990, PGR Protocols: A 
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Guide to Methods .and; Applications ( Academic Press, 
Inc., San Biego CA), The resulting PGR product -was 
phosphorylated With T4 polynucleotide -fciftase, 

5 digested with Baaffl , and then gel-purified to yield a 
0.2 kbp blunt ~MHI fragment -..containing the blunt end 
at the exact 5 ! ~end of the TAP coding sequence and a 
cohesive BamHX end on the 3 s -side of the translation 
termination codon. 

10 The vector p£H4-3B (Hofmasn, and Schulia, 

L J, , 1991, Gene, 101 . pp. 185-111} contains a unique 
SphI site at the 3 '--end of the ffixl pre-pro leader 
coding sequence . pKH4~3B was digested with $$hZ r 
made flush-ended by treatment with T4 Wl& polymerase, 

US and then digested with IglXI. The resulting 

blunt-Iglll vector fragment was gel-purified and 
iigated with the aforementioned 0.2 Kbp blunt -iisHl 
« fragment to yield the vector pIB4~3B/YAP. 

In separate transformation reactions, the 

2 0- yeast strains BJ1993, JE.TX88, and m were 

cotsanaforaed with the vectors YEp24-GAL10p-yFDl pine 
either pKH%~TAF or pKH4-3B/TAP\ Cotransf ormants 
containing both plasmids were selected on synthetic 
medium lacking both leucine and uracil and isolated 

23 single colonies were restreaked on the same medium 
for selection of clonal isolates. Three such clonal 
isolates for each of the different vector/host 
cotransf ormations were inoculated into S-&L of 
modified SacLeu" media lacking uracil <5scX*eu~0ra~) and 

30 containing 4% glucose in culture tubes. The cultures 
were incubated for 24 hours at 38*€ in a tissue 
culture roller drum. At the end of that time, the 
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ceils were recovered by cent rifugat ion and 
resuspended in 5 wL of 53sLeu~lJra™ ajeditan conta ining 
41 galactose. The resulting cultures mxs incubated 
at 3.0* C for an additional 48 hours. Cells are then 
removed by centrifugation and clarified media samples 
evaluated for the levels of secreted TAP by SCX-HPLC 
or Factor Sa inhibition assay (W-aaoaan g£ aJL- , 1990, 
supra), As an alternative approach ( the recombinant 
yeast cells are grown for 24 hours at 23*C, induced 
by addition of galactose to 41, final concentration, 
and then incubated for an additional five days at 
23 *C, Clarified media samples are then eval«tat«d 
for the levels of secreted TAP as described above. 
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(2) IWQWMIW FOB SEQ 10 Mill 

tO SEQUENCE CHARAOTERISflOSJ 
(A) hmmt 6.'ami»e a&M*. 
<B) ITPE; amino acid 

(C) Sm&NDEOSESSi single 

(D) TOMLOSfj linear 

<ii) MOLECULE TYPE? peptide 



10 <xi) SEQUENCE DESORIFOtB; SEQ IS M0;X; 

Xrg Cy« Gly Ms Cys Jgr* 
1 3 

(a) immmxtm for seq m mnii 



is 



25 



(i) SEQUENCE OMRACTSIUSTICS? 

(A) LENGTH? 4 amino aci4s 

(B) T5TFE; amino acid 

(C) SmNDEBNESS; single 
(!)) SGSGLSGYi liaear 

<ii) MOLECULE XT?Et peptide 



fM) SEQUENCE BESS&tPTIOSs SEQ W Wilt 

His Asp Gits Leu 
1 

U) ISFORSATIOS FOE SEQ ID $H3i 

(i) SEQUENCE CMIACTERJSXB2S: 
(A) LENGTH: 6 assists acids 
(8) TTFE; amino acid 
(C) STRAMSEHNESSs single 
<B) TOPOLOGY: linear 

Cii) MOLECULE TiTE; peptide 
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(3d) SEQIIMOE DESCRIPTION i- SEQ ID HO: 3 1 
Irp C¥« SI? fro Cys Eys 

i 5 

5 (2) OTOSMTION FOR SSQ IB B0*4i 

(i) SBQUBliCE OMRAGTERISTICS; 
(A) LENOT; 10 aststeo acids 
(8) TSfE; a»in© acid 
(C> STMNDSBMSS: single 
{3» TOMLOSY; linear 

10 

(ii) MOLECULE TOE) peptide 



Cxi) SEQUENCE DESCRIPTIONS SSQ IB mtki 
Fhe Syfc Ala f ro Xrp Cys Oly His Oys Ly* 

(2) FOE SEQ IB KOsSi 

(i) SEQUENCE eHARMOTtXSTICSr 
{A} IJ&OTB; 30 base pairs 
(B) TST3?E$ nacleic acsJ 
20 (C) STSAHDEXMESS ; single 

(D) TOPOLOGY;; linear 

(ii) MOLECULE Tk-BSs cSKA 



Cxi) SEQUENCE DESCRIPTION; SEQ IB 80s 5 I 

mimmwh ccacaccatq sagcstasm so 

(2> INFORMATION FOR SEQ IB MiiU 

(i) SIQBSKCS OMEMTMISfieS; 
tA) LENGTH; 23 base pairs 
(B) ttlEt xs^cleie acid 
(C> BTIsANDSBNESS; single 
(0) TOPOLOGx; linear 

(ii) MOLECULE TWE; cl» 



(3d) SEQUENCE DESCRIPTION i SSQ IB 

MiracGccc ecMocmo ssecse 

(2) XNFORKATXQH FOR SEQ IS HOt:?-5 

(i) SEQUENCE CHARACTERISTICS 5 
(A) EENCTE; 26 base pairs 
(8) TTBE; trocleic aci<d 
(q) SIRANDEDNESS; single 
(3» TO?OLGS5Tt litie&r 

(ii) HGIECULE fSTE? c.M 



(xi) &EQ9E8CE BESCSIFTXOHj SEQ ID NO t 7 
S0i$CSGCp GCAASCTT8C 8GCCGC 
(2) XNFOSfSATtOK JFDR- SSQ IB KO?8s 

(i) SEQUENCE CHARACSEEIS'IICSJ 

(A) LEASTS; 15 has* pairs 
(S) T¥FEt «uei<eic a«i«? 
(C) STM& 08ONESS ; single 

(B) TOROLOSIfJ li»ear 

20 

(ii) MOLECULE X1TE: c» 



<sd) SEQUENCE HESCRimGN; SEQ IB WiS 
AATTCGTTOA OOCCC 

25 

ii) imamaim for sec, id miu 

(1) SEQUENCE CHAEACTERISTXCSi 
.<&) LENGTH t 15 bass pair* 

(B) tnf?E; nttclei*- acl* 

(C) STRANBEDE'RSSt single 
3 0 CP) TOFOLOCf ; linear 

{id MOLECULE TSTEs eSNA 



5 



Ux) SEQUENCE msmi$$t0i SEQ IP MiSt 

TGGGOGGCGX CMCG 15 

{2} INFOSMATION FOR SEQ IB KBilO; 

(i) SEQUENCE CHARACTERISTICS; 
(A) LSHCIH; 73 base pairs 
(85 TxTEi jjucleia acM 
CO ST^ffiEPNESS: single 
CD) TOPOlOCi't Itesar 

XO (ii) MOLECULE fSTEs eMA 

(x.i) SEQUE&CI MSCRIH'IONj SEQ IB SO 1 16 1 

CCSCCCOCST OfCCTCTCCC TSCSGTGCTE CSCCCISOX© 80 

15 CGCGCCQACS SCO 73 

(2) IHFOEMTXOH FQR SEQ XB HOilJ;: 

CO SEQUENCE CBMACimiSTXeSs 
(A) LEHGTH; ?3 base pairs 
05 TYPE? ttiscleic asid 

<B) TOIOHXnfc Xiaear 

(ii) MOEEOBEE TYPE? cMh 

(si) SEQUENCE DESCRIPTION* SEQ ID HOsllJ 

25 

TccsGcscGf cescecec&c c&eesK^e&c c&cese&eoc acmcaoasc ocsocccaoc w 
A iras mi' GTS 73 

<2) IKE0f?MT10E FOE SEQ ID HO; 12; 

30 Ci.) SEQUENCE CRi\EACT£EI<STICS: 

(A) EEEGTK ; 8S base pairs 

(B) TYPEJ wcteic acid 
CO) mUEBEMSSS; ' a'iag-l* 
(D) TOl'OEOGYs linear 



WO 93/25676 



FCT/US93/0S31S 



Hi) MOLECULE TITS; c.DM 



(ad) SEOUEKCE DESCRIPTION; SEO ID HO: 12; 

5 

GAICOACAAA ACMMXSM GTmCTWt OOTGCCGTCC TQTGATGGTO CTCCOTOCTG 60 

CTOGCCTCOI CTGiTTTCQC CS&CGCCC 88 

(S) WOSMfXCS FOR SEO ID NO:13i . 

I0 <i) SEQUENCE CHARACTERISTICS i 

(A) LENGTH J S§ bsss pairs 
(S) TITS; nucleic acia 
<C) STRAMJEDNSSS: single 
<D) TOPOLOGY; linear 



13 



<ii) MOX^COLl mzt eDJSA 

<xi) SEQUENCE DESCRIPTION; SSQ ID WilSt 
TCGGCOGCST OGCOGAAAAC AGAOGAOOCG AOCAOCAGOG AOGAGOATGA CAGSACGSCA 60 
OCACCACAAA ACTIt&TTTI OriTTGTS 88 

20 

m tmm&nm for sty id whim 

(i) SEQUENCE- C SARACTER I STICS i 
(A) LENGTH i 91 base pairs 
CB) TIRE; nncleic acid 
CO) STRMCSDKESSj single 
(S) TOS0L0CY: Hasar 



25 



(ii) MOLECOLE TIRES cWA 



<xi) SE0JJEHOE DESCRIPTION f SEQ IS JJQjIA; 
3 q GACSAOCXCC &GCACCTCOA AGAAGSAGAG SAGCCAGACA TOSAGGAAOA CGATCACCAG 60 
AAAGCIGTOC ACOATOAACT OTAAGSATGC G 91 
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(2) wwnmnm for esq xb hqjis? 

(i) SEQUENCE CSASACfESiSfXeSi:. 
(A) JJiNGTH; 95 base pairs 

(C) STSMGEBNESS ; aisgls 
(p) fOEOLOGY; linear 

Cii) mwww rtmt ct>m 



Cxi) SEQUENCE BESC&imOSlJ ESQ IB SOUS J 

mttosatc imwmrm aicctsc&ca ecmctecT cAfosxcTTq so 
exqsstAfct wfocxcse crrcme«6 stsctcoasc 9$ 

(2) XNRORMATXOK FOR SEQ II) KOt iS; 

(i) SEQUENCE CHARACimiSTIGS; 

(A) S-ENOTs 31 base pairs 

(B) IXFEt mwleie aeM 

(C) STEANDSIMESSj singla 
(3)} .linear 

(ii) bolecoi-e nmt «» 



C»i5 SEQUENCE DESCRIPTION: SEQ IB NOslS: 

OATOCACAM AOMMTOAA GTXTXCTGCT 0 31 

(2) INFORMATION FOR SEQ XX) Miin 
25 ■ 

(i) SEQUENCE CMSACTERISSXCSi 

(A) LENGTH : 31 base pairs 

(B) TATE; mscJeic acid 

(C) STEMMSNESS: single 

(D) TG^OIXSGI: Linear 

30 (11) M0&EC8XE TYPE: a»A 
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Cxi) sequence description: seq IS SOU?; 

SCACC&60A0 MMCTTCAT TTTOmiGT 6. 31 
(2) XNF0SM&TXQ8 FOR SEQ IB 

S 

<i) SEQUENCE CHARACTERISTICS; 
(A) iM<0ii 51 fease jsairs 
{8} TYPE: traeleie acid 
(C) STB&HMSHSSS J sitigle 
{£} TOPOLOGY t linear 

10 (ii) MOLECULE TYPE: cBNA 

(xi) SSQEEHCE &gSC&S?XHSr : : IB NpjlSs 

ATAfSe&fCO XCTOiTrOOA TMMOACM GOACCATXXG 8ACCC0S0T0 T 51 

iS (2) INFORMATION FOR SEQ ID NOj19s 

(i) SEQUENCE CSAMCimSfXCSJ 
(A) LENGTH ; base j>»i?s 
<8) : fjjMIs nucleic sei<3 
<C) SXRANDEOJJESS J single 
<D) TQEOLOGls linear 

20 

(ii) MOLECULE TYPE: 



(sei) SEQUENCE DESCRIPTION: SEQ IB WO 5 19 i 
TATAGOATCC TIAXQATAAG CGXGCGATM OCSE* 34 

25 (2) mmmmm foe seq us kojM; 

(i) SEQUENCE characteristics? 
(A) LENGTH t 20 feasW pairs 
(.»') iYRE: nucleic acM 
(C) SXEANEEDEESS t si* 
CD) TOPOLOGY; linear 

30 

iii) MOLECULE TYEB; cOKA 
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(xi) SEQUENCE BBSC&Xmort SSQ. ID Ms 20? 
TACMCCGTC TGTQCATCM 2-0 



(2) INFORMATION FOR SSQ IB MS: 21; 

{1} SEQUENCE CMEACTERSSKSSs 
(A) t^gT&i 33 base pairs 
££} TIPE; nucleic acid 
(C> STSANDEBNESS : single 
(S3 ISFOLGQ'i: linear 

is 

<ii) SOLSCtTLE TXPE; cDNA 



M) SEQBMCE BSSCRimCKJ SSQ IB NOiMr 
ACTGGATCCG MIl'CMGCT TAS&.T0CM0 CC5T 33 
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WHAT IS CLAIMED IS: 

1, A process far producing disulf ide~bonded 
recombinant proteins, comprising:: 

(a) expressing recombinant protein 

disulfide isoaerase in a recombinant 
host; and 

<b) expressing one or more recombinant 
genes encoding one or more disulfide 
bonded proteins in the recombinant host. 

2, The process according to Claim 1, wherein the 
recombinant host producing the encyme protein 
disulfide isomeras.fi in step (a) contains one or mora 
copies of a recombinant expression cassette encoding 
fne ensyma protein disulfide i some rase* 

3, The process according to Claim 2, wherein the 
expression cassettes encoding protein disulfide 
isomer ass are integrated into the host cell genome, 

4, The process according to Claim 2, wherein the 
expression cassettes encoding protein disulfide 
isomera.se are contained on autonomously replicating 
piasmids . 

5 , The process according to Claim 1 wherein the 
recombinant protein disulfide isomerase is encoded by 
one or more expression cassettes contained on one or 
more pl&smMs , and the recombinant genes encoding one 
or more disulfide bonded proteins are contained on 
one or more plasmids. 
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6. The process according to Slai® 1 wherein the 
recombinant protein disulfide isomerase is encoded by 
one or mote expression cassettes contained on one or 
more plasmids, and the recombinant genes encoding one 
or more disulfide bonded proteins are integrated into 
the host cell genome. 

7, The process according to Claim 1 wherein the 
recombinant genes encoding one or sore disulfide 
bonded proteins of step <b) are integrated into the 
host cell genome, 

8, The process according to Claim 5 wherein the 
expression cassettes encoding the protein disulfide 
isomerase and the recombinant genes are contained on 
the satse plas&dd . 

9, Toe process adfcOrding to Claim 1 wherein the 
recombinant host of step <a) is mammalian. 

10, The process according to Claim I wherein the 
recombinant host of step (a) is yeast. 

11. The- process according to Claim 10 wherein 
the yeast is a strain of species of the families 
Saccharoiaycetaeeae or Cryptoeoccaceae . 

12. The process according to Claim 11 wherein 
the yeast is a species of the genns &&aglia£,oisiy,s,gg ♦ 

13. The process according to Claim 12 wherein 
the yeast is Saceharom yces cerevisiae > 
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14. The process according to Claim I wherein the 
recombinant gene of step <h> is antistasin- 

15. The process according to Claim I wherein the 
recombinant gene of step <h) is tick antieoguiant 
protein, 

16. The process according to Claim 1 wherein the 
recombinant protein disulfide isomexase is yeast 
protein disulfide isomerase. 

17 ... The process according to Claim 1 vhereiu the 
recombinant protein disulfide isomerase is a 
mammal i as protein disulfide isomerase, 

18. The process according to Claim 1? wherein 
the recombinant protein disulfide isomerase is human 
protein disulfide isomerase. 

19. A process for producing a disulfide bonded 
recombinant protein, comprising: 

(a) producing recombinant protein disulfide 
isomerase in a recombinant yeast host cell; and 

(b) expressing one or more recombinant 
genes encoding one or mote secreted disulfide bonded 
proteins in the recombinant host.. 

20. The process according the Claim 19 wherein 
the recombinant protein disulfide isomerase is yeast 
protein disulfide isomerase. 
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21 , The process according to Claim 19 wherein 
the recombinant protein disulfide isomer age is 
mammalian protein disulfide isomerase. 

22. The process according to Claim 21 wherein, 
the recombinant protein disulfide lissome rase is human 
protein disulfide isomerase. 

23, The process according to Claim 19 s wherein 
the recombinant yeast host producing the enzyae 
protein disulfide isomerase in step (a) contains on® 
ot more copies' of a recombinant expression cassette 
encoding protein disulfide isomerase. 

24. The process according to Claim 23 wherein 
the expression cassettes encoding protein disulfide 
ispmerase are integrated into the yeast host cell 
genome . 

The process according the Claim 23 wherein 
the expression cassettes encoding protein disulfide 
isomerase are contained on autonomously replicating 
plasmids . 

26, The process according to Claim 19 wherein 
the recombinant protein disulfide isomerase is 
encoded by one or more expression cassettes contained 
on one or more plasmids, and the recombinant genes 
encoding the disu&f ide-bonded proteins are contained 
on one or more plasmi ds , 
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27, The process according to Claim 19 wherein 
the expressisoa cassettes encoding the protein 
disulfide isomerase and the recombinant genes are 
contained on the same plapiid* 

28, The process according- to Claim 19 wherein 
the recombinant yeast host is grotra at a temperature 
less than 30*C for expression of one or more 
disulfide bonded proteins. 

29, The process according to Claim 28 wherein 
the recombinant yeast is grown at a temperature 
between approximately 20* C to 26*C for expression of 
one or more disulf ide-bonded proteins, 

30, The process according to Claim 29 wherein 
the disnlf ids-bonded protein is antistasin. 

31, The process according to Claim 29 wherein 
the disulf ide~bonded protein is tick anticoagulant 
protein . 

32, A strain of the yeast Sacch&romyces 
cerevlsiae which produces recombinant protein 
di sulf ide isomerase , 

33, The strain of yeast according to Claim 32 
wherein the recombinant protein disulfide isomerase 
is human protein disulfide isomerase. 

34, The strain of yeast according to Claim 32 
wherein the recombinant protein disulfide isomerase 
is yeast protein disulfide isomerase. 
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